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THE  TESTING  OF  PORTLAND  CEMENT  AND  THE 
DEVELOPMENT  OF  THE  CEMENT  INDUSTRY 
IN  GERMANY. 

By  Max  Gaby,  Civil  Engineer,  Berlin,  Germany. 


Translated  from  the  German  by  John  S.  Siebeet,  Instructor  in  Civil 
Engineering,  Lehigh  University. 


Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


When,  in  1852,  the  idea  of  utilizing  the  English  invention  of  the 
manufacture  of  Portland  cement  first  ajjpeared  in  Germany,  no  one 
anticipated  the  growth  this  industry  was  destined  to  have,  a  growth 
which  soon  outstripped  that  of  the  mother-country,  England. 

As  early  as  1824,  Joseph  Aspdin,  of  Leeds,  made  a  hydraulic  lime  by 

calcining  a  certain  mixture  of  slaked  lime  and  clay,  which  on  account 

of  its  resemblance  in  color  and  hardness  to  the  Portland  stone,  much 

valued   at  that  time  in  England,  he   called   Portland   cement.     The 

English  product  was  soon  introduced  into  Germany,  and  for  a  long 

time  was  considered  unequaled.     Not  till  1852  was  attention  directed 

to  the  occurrence  of  the  septaria  clay  in  Pommerania,  on  the  banks  of 

the  Oder,  which  was  declared  by  Dr.  Hermann  Bleibtreu,  of  Bonn,  to  be 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  putlished  simultaneously  in  the  number  for  December,  1893. 
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suitable  material  for  tlie  manufacture  of  cement.  He  also,  in  conjunc- 
tion witli  Consul  Cxutike,  erected  at  Ziillchow,  near  Stettin,  a  small 
plant  for  exjierimental  jjurposes,  wliicli  led  in  1855  to  the  founding  of 
the  first  Stettin  Portland  cement  factory  (Lossius  &  Dellbrvick),  on 
what  is  now  the  proj^erty  of  the  Zlillchow  works.  Here,  for  the  first 
time  in  Germany,  Portland  cement  was  made  out  of  Stettin  clay  and 
chalk  from  the  Island  of  Wollin,  a  cement  which  equaled  the  English 
product  in  qiiality  and  so  quickly  found  favor  that  the  annual  produc- 
tion of  30  000  barrels  was  sold  without  special  difficulties. 

This  success  incited  imitation,  and  in  rapid  succession  the  factories 
(most  of  them  in  existence  to-day)  of  Bonn,  "Lebbin,  Oppeln,"  Lime- 
burg,  Amoneburg,  Finkenwalde  and  .others  sprang  into  existence.  In 
1877,  there  were  in  Germany  30  Portland  cement  factories,  which  at 
first  copied  closely  the  English  methods  of  manufacture.  At  present 
the  method  of  manufacture  varies  greatly  in  the  diflferent  factories, 
according  to  the  combination  in  which  the  requisite  ingredients, 
carbonate  of  lime  and  clay,  occur  in  the  limestone,  marble,  chalk 
and  other  raw  materials  used. 

Factories  following  the  English  methods  generally  employ  the  wet 
process. 

The  selection  of  the  clays  when  a  pure  septaria  cannot  be  employed, 
and  the  mixing  in  proper  proportions  of  lime  and  clay  (about  75% 
carbonate  of  lime  to  25%  of  clay),  constitute  the  real  difficulties  in 
cement-making  to-day.  After  this  the  principal  requirement  for 
obtaining  good  Portland  cement  lies  in  a  thorough  mixing  of  the  in- 
gredients which  are  to  be  chemically  combined  by  calcination.  The 
two  other  divisions  of  manufacture,  calcining  at  a  very  high  temper- 
ature (burning  to  slag),  and  the  grinding  of  kiln  products,  are  well 
understood.  Unquestionably,  the  wet  process  of  to-day  does  not  mix 
the  ingredients  so  efficiently  as  the  dry  process,  especially  in  those 
factories  which  work  a  fine  limestone  and  mortar ;  but  it  is  not  to  be 
denied  that  the  rapid  imi:)rovements  in  mill  machinery  may  again 
cause  a  change  in  this.  In  some  factories  a  combination  of  the  two 
methods  has  already  been  adopted,  the  so-called  half-dry  process 
being  used,  in  which  the  fine  mortar  and  clay  in  proper  propor- 
tions are  mixed  partly  dry,  in  order  to  obtain  the  benefits  of  the  best 
parts  of  each  process.  But  mixtures  of  limestone  and  clay  which  may 
be  at  once  burned  to  cement  are  rarejy  found  in  Nature. 
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It  would  exceed  the  limits  of  this  pajjer  to  enter  into  a  description 
of  the  chemical  qualities  of  Portland  cement  and  the  development  of 
the  methods  of  manufacture,  the  making,  drying,  burning  and  grind- 
ing of  the  cement  bricks;  let  us  rather  deal  with  the  finished  product 
and  its  mechanical  projierties,  and  state  in  what  manner  the  quality  of 
German  Portland  cement  was  systematically  improved  and  how,  in 
Germany  more  than  elsewhere,  efi"orts  have  been  made,  with  the  aid  of 
scientific  investigations,  to  probe  the  nature  of  Portland  cement,  bring 
its  hidden  properties  to  light  and  render  them  useful. 

Before  German  Portland  cement  gained  the  world-wide  fame  it  now 
enjoys,  it  had  to  overcome  manifold  difficulties.  Prom  the  first,  the 
competition  with  the  English  factories  was  severe.  The  low  shijjping 
rates  and  the  extensive  commerce  of  the  home  of  Portland  cement  con- 
stantly drew  large  quantities  of  the  English  product  to  the  German 
ports,  and  the  reduction  made  in  railroad  tarifi"s  for  the  benefit  of  these 
jjorts  favored  the  introduction  of  a  large  part  of  this  product  into  the 
interior.  At  the  large  ports  on  the  North  Sea  the  efi"ect  of  English 
competition  was  especially  marked,  owing  to  the  comparatively  great 
distance  of  the  German  cement  factories,  and  to  this  day  the  English 
product  has  not  been  entirely  displaced.  But  in  Central  and  South 
Germany  the  English  competition,  though  favored  by  the  natural  water- 
way of  the  Rhine,  has  been  compelled  to  abandon  the  field  in  favor  of 
home  factories  erected  in  that  region.  Prejudice  against  German  Port- 
land cement  and  in  favor  of  the  foreign  prodiict  was  a  fi;rther  obstacle 
to  its  rapid  introduction,  to  overcome  which  reqiiired  long-continued 
efforts  of  the  German  manvifacturers,  perfected  methods  of  manufacture 
and  unceasing  scientific  labors  of  the  large  number  of  investigators  who 
entered  the  service  of  this  industry.  To-day  every  German  factory  has 
in  its  employ  one  or  more  scientifically  educated  chemists  whose  duty 
it  is  to  study  the  raw  materials  and  the  intermediate  and  finished  pro- 
ducts. Besides  the  powerfully  equipped  English  factories,  the  compe- 
tition of  continental  neighbors,  especially  Austria  and  Switzerland,  had 
to  be  overcome;  and,  finally,  the  greatest  of  all  obstacles,  the  prejudices 
against  it  arising  from  the  long  use  of  other  low-priced  and  poorer 
mortar  materials  and  ignorance  of  the  new.  The  lack  of  knowledge  re- 
garding methods  of  test  on  the  part  of  the  consumer  caused  cheaper 
varieties  of  cement  to  be  used  and  created  a  deep  distrust  of  Portland 
cement,   not  only  among  builders,  but  even   among  the  authorities. 
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Despite  all  these  obstacles,  the  German  Portland  cement  industry  grew 
rapidly,  as  may  be  seen  from  the  following  table,  based  on  the  anntial 
voluntary  reports  of  the  members  of  the  Association  of  German 
Cement  Manufacturers,  who  represent  the  major  part  of  the  German 
cement  interests. 


Year. 

Number 

of 
factories. 

Annual     pro- 
duct in 
barrels    @    170 
kg.  (374  lbs.) 
net 

Year. 

Number 

of 
factories. 

Annual    pro- 
duct in 
barrels  &   170 
kg.  (374  lbs.) 
net. 

1877 

29 
32 
34 
37 
42 
42 

2  400  000 

3  050  000 

4  000  000 

4  700  000 

5  000  000 
5  700  000 

1887 

45 
52 
60 
60 
60 
62 

7  050  000 

1882 

1888 

7  950  000 

1883 

1889 

8  800  000 

1884 

1H90 

9  150  000 

1885 

1891 

9  950  000 

1886 

1892 

10  600  000 

More  precise  figures,  giving  a  faithful  picture  of  the  development  of 
the  German  cement  industries  during  the  last  years,  are  available  only 
since  the  introduction  of  the  accident  insurance  law  and  the  organiza- 
tion of  industrial  associations.  According  to  the  official  reports  of  the 
quarry  associations  to  which  the  German  cement  manufacturers  belong, 
the  development  of  this  industry  may  be  shown  by  the  following  state- 
ment : 


Year. 

Number 

of 
cement 
factories. 

Number  of  men 

♦permanently 

employed  (a: 

300      workiug 

days. 

Salaries 

paid. 
(Marks.) 

Year. 

Number 

of 
cement 
factories. 

Number  of  men 

*  permanently 

employed  @ 

300     working 

days. 

Salaries 

paid. 

(Marks.) 

1886.... 
1887.... 
1888.... 

124 
121 
146 

11  883 
13  610 
13  352 

8  263  437 

9  555  614 
11  108  539 

1889.... 
1890.... 
18i)l.... 

149 
159 
158 

16  388 
19  174 
19  503 

12  294  665 

14  839  656 

15  166  627 

♦The  number  of  "  men  permanently  employed  "  was  computed  by  dividing  the  total 
number  of  days  all  the  men  were  employed  in  any  one  year  by  300,  this  being  taken  as  the 
customary  number  of  working  days  in  one  year. 

From  the  first  table  it  is  seen  that  the  number  of  large  Portland 
cement  manufactories  in  Germany  has  been  doubled  in  15  years  and  the 
output  increased  fourfold  in  the  same  time. 

From  the  second  table  it  may  be  seen  that  the  number  of  workmen 
employed  and  the  sum  paid  in  wages  nearly  doubled  in  five  years.  This 
table  also  includes  a  number  of  small  factories,  notably  those  of  upper 
Bavaria,  which  employ  but  few  hands  and  whose  market  is  confined  to 
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the  country  immediately  adjoining.  Sucli  a  tremendous  growth  of  a 
comparatively  young  industry  in  so  short  a  time  was  rendered  possible 
only  by  the  fact  that  the  knowledge  of  the  value  of  the  Portland  cement 
spread  rapidly  in  the  interior;  that  the  demand  from  this  region  grew 
accordingly,  and  that  the  German  product  was  successful  in  overcom- 
ing the  opposition  of  foreign  brands.  The  impartial  recognition  of 
the  merits  of  German  Portland  cement  by  well-known  foreign  authori- 
ties, esijecially  those  of  England,  did  much  to  further  this  end. 

Mr.  Henry  Eeid,  author  of  "The  Science  and  Art  of  the  Manufac- 
ture of  Portland  Cement,"  in  his  book,  "A  Practical  Treatise  on 
Natural  and  Artificial  Concrete,"*  concludes  his  remarks  about  the 
difficulties  met  by  cement  manufacturers  and  builders  in  the  manu- 
facture and  use  of  Portland  cement,  with  the  exi3lanation  that  English 
manufacturers  have  every  reason  to  improve  their  product.  That  this 
is  not  difficult,  although  necessary,  he  proves  by  the  example  set  by  the 
German  Portland  cement  manufactory  of  "  Stern,"  Toepffer,  Grawitz  & 
Co. ,  at  Stettin.  He  gives  a  description  of  their  factory  and  what  it  had 
accomplished,  showing  that  German  Portland  cement,  even  at  that  time, 
was  able  to  compete  with  English  cement,  and  promised  eventually  to 
become  everywhere  an  opponent  not  to  be  left  out  of  consideration. 

What  is  here  said  of  the  one  brand  answers  for  all  the  German 
output  of  that  time  ;  the  German  manufacturers  were  most  earnestly 
engaged  in  securing  recognition  of  their  product  throughout  the  world. 
As  a  result,  General  Gillmore,  as  President  of  the  Committee  of  Award  at 
the  Centennial  Exposition  in  Philadelphia,  designated  the  "Stern  "  ce- 
ment as  the  best  Portland  cement  sent  there  ;  and  Professor  Renleaux 
was  enabled  to  announce  at  the  session  of  the  Central  Association  of 
Commercial  Geography  at  Berlin,  April  22d,  1880,  that  the  reports  of  the 
Australian  World's  Exhibition  held  in  Sydney  declared :  ' '  The  German 
cement  was  unquestionably  the  best."  To-day  this  cement  finds  a 
mai'ket  in  all  parts  of  the  globe.  The  foreign  countries  grouped  about  the 
Baltic  are  regular  customers,  as  also  are  Southern  Russia,  Switzerland, 
Belgium  and  Holland.  Biit  the  sale  in  European  countries  jsrobably 
falls  short  of  that  in  the  transoceanic  ones.  The  United  States  of  North 
America  have  thus  far  afforded  the  largest  market.  The  countries 
of  the  Pacific  Ocean  come  next,  especially  the  more  important  harbors 
of  Australia,  as  well  as  Japan  and  China. 

*  Published  1879,  by  E.  &  F.  M.  Spon,  46  Charing  Cross,  London. 
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Efforts  for  constant  improvement  went  hand  in  hand  with  the 
growth  of  the  German  cement  trade,  not  only  because  the  field  so 
laboriously  won  at  home  had  to  be  maintained,  but  because  it  was 
necessary  to  widen  the  market  for  the  increased  production.  To  do 
this,  it  was  absolutely  necessary  to  understand  the  proi^erties  of 
cement,  and  how  to  utilize  the  same  to  full  advantage.  To  reach  these 
ends  was  the  chief  aim  of  the  Association  of  German  Cement  Manu- 
facturers, founded  in  1877,  which,  with  but  few  exceptions,  all  German 
manufacturers  have  joined,  together  with  18  Portland  cement  manu- 
facturers of  foreign  countries.  This  association,  at  its  general  annual 
session,  furnishes  its  members  an  opportunity  to  increase  their  knowl- 
edge of  the  proijerties  of  cement  by  verbal  exchange  of  ideas,  while 
the  distribution  of  the  printed  stenographic  reports  of  the  session 
insures  the  publication  of  new  facts  and  discoveries  in  the  realm  of 
cement,  and  enables  the  building  public  to  keep  pace  with  the 
advances  in  cement  technique.  Up  to  the  time  of  the  formation  of  this 
society  uniform  methods  of  judging  the  mechanical  properties  of 
cement  were  totally  wanting,  and  testimony  of  the  earnest  work  of  the 
society  may  be  found  in  the  fact  that,  in  1877,  in  conjunction  with  the 
German  Brick-Makers'  Association,  the  Berlin  Association  of  Archi- 
tects, and  the  association  "Berliner  Baumarkt,"  siicceeded  in  laying 
before  the  Eoa  al  Prussian  Bureau  of  Commerce,  Trade  and  Public 
Works  a  set  of  specifications,  which  were  accejited  by  said  bureau  as 
"Standards  for  the  Uniform  Delivery  and  Testing  of  Portland  Cement." 
These  were  issued  to  the  building  authorities  on  November  10th,  1878> 
for  the  Kingdom  of  Prussia,  and  were  later  adopted,  also,  by  the 
remaining  German  States.  From  this  time  the  history  of  the  Associa- 
tion, under  the  guidance  of  its  chairman,  Dr.  Dellbrack,  is  identified 
with  the  history  of  the  development  of  the  German  Portland  cement 
industry,  to  which  development  the  German  manufacturers  of  machin- 
ery and  api^aratus  for  Portland  cement  manufacture,  headed  by  The 
Iron  Works,  formerly  Nagel  &  Kamj),  of  Hamburg,  have  contributed 
no  small  part. 

In  this  epoch  of  development  belongs  the  first  conference,  after- 
wards called  the  Munich  Conference,  which  was  convened  in  the  fall  of 
1884  by  Professor  Bauchinger,  for  the  proper  utilization  of  the  results 
of  tests  made  on  varioiis  materials  in  different  places.  The  first  con- 
ference, which   was  attended  by  79  representatives,    from   Germany, 
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Hungary,  Russia  and  Switzerland,  was  soon  followed  by  a  second  one, 
lield  in  Dresden,  in  1886,  and  the  resolutions  there  adojjted  regarding 
uniform  methods  of  investigation  to  be  pursued  in  testing  the  mechan- 
ical ]iroperties  of  building  and  structiiral  materials  carried  the  knowl- 
edge of  testing  methods  throughout  the  world,  and  awakened  interest 
in  those  circles  which  had  hitherto  abstained  from  taking  part  in  this 
matter. 

On  the  strength  of  these  resolutions  a  revision  of  the  rules  was 
comi^leted  in  1886,  and  these  revised  rules,  after  being  submitted  for 
opinion  to  the  chief  representative  of  the  Royal  Prussian  Testing 
Station  for  Building  Materials,  Professor  Dr.  Bohme,  as  well  as  the 
Royal  Academy  of  Architecture,  and  having  been  approved  by  these, 
with  unimportant  corrections,  were  officially  promulgated  on  July 
28th,  1887,  by  the  Minister  of  Public  Works  for  Prussia. 

Without  a  doubt,  Germany  gained  by  these  means  the  first  rank, 
from  the  scientific  standpoint  of  cement  technology,  among  those 
countries  which  i^roduce  cement  in  any  quantity,  and  its  example  has 
caused  other  countries  to  adopt  similar  action.  In  Austria,  Switzer- 
land and  Russia  additional  rules  were  later  added  to  the  German  ones, 
which  at  the  time  deviated  in  several  particulars  from  the  latter,  but 
which  at  present  agree  with  them  on  the  whole. 

In  France,  England,  America,  Australia  and  other  countries  where 
cement  is  largely  used,  there  are  no  such  rigid  and  comprehensive 
regulations  as  the  German  ones.  Certain  rules  which  have  gained 
recognition  through  tradition  and  development  in  the  course  of  time 
are  considered  sufficient.  The  third  conference,  held  in  the  fall  of 
1890,  in  Berlin,  which  was  attended  by  representatives  from  all  coim- 
tries,  did  much  to  bring  the  rules  enforced  in  these  countries  into 
agreement.  Meanwhile  the  German  standards  served  as  laws  for  the 
manufacturers,  and  produced  further  perfection  of  the  manufactured 
article,  which  has  been  of  overwhelming  benefit  to  the  iJublic. 

The  fact  that  to-day  all  German  factories  which  belong  to  the 
Association  turn  out  a  product  which,  in  its  principal  qualities,  never 
falls  below  a  certain  limit  amply  sufficient  for  the  purposes  of  the 
material,  is  one  but  rarely  found  in  the  extensive  manufactiire  of  any 
article.  Viewed  from  the  consumers'  standpoint,  this  is  a  highly  wel- 
come fact,  insuring  as  it  does,  a  guarantee  of  uniformity  of  the 
product  at  any  place  and  at  all  times. 
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It  must,  however,  be  well  borne  in  mind  that  the  use  of  these  regu- 
lations in  no  wise  guarantees  a  uniform  quality  of  the  product  of 
different  factories,  or  that  dependence  should  be  placed  upon  them 
■without  previous  tests  ;  but,  rather,  that  while  a  line  of  minimum 
quality  has  been  drawn,  no  ui)i3er  limit  exists,  and  it  is  free  to  every 
factory  to  go  as  far  above  the  minimum  as  the  various  circumstances 
in  regard  to  location,  quality  of  raw  material,  etc. ,  permit. 

In  but  one  direction  did  the  Association  of  German  Cement 
Manufacturers  deem  it  incumbent  upon  itself  to  go  beyond  the 
required  regulations  and  give  to  the  consumer  a  further,  far-reach- 
ing guarantee.  After  the  promulgation  of  the  regulations,  the  prac- 
tice of  mixing  different  qualities  of  cement  assumed  such  threatening 
proportions  that  the  Association,  in  order  to  protect  the  good  name  of 
German  Portland  cement,  and  at  the  same  time  insure  construction 
work  against  the  use  of  unsound  cement,  found  itself  forced  to  pro- 
ceed with  great  vigor  against  the  admixture  of  all  foreign  materials 
to  cement.  This  was  done  by  making  the  membership  of  a  cement 
manufacturer  dependent  on  the  following  declaration,  Avhich  he  was 
required  to  sign  : 

' '  DECIiABATION. 

"  {a)  The  undersigned  members  of  the  Association  of  German 
Portland  Cement  Manufacturers  bind  themselves  to  produce  under 
the  name  of  Portland  cement  only  such  an  article  as  is  made  by 
calcining  a  thorough  mixture,  consisting  essentially  of  calcareous 
and  clayey  substances,  and  then  grinding  the  same  to  the  fineness  of 
flour. 

"Any  article  made  in  a  manner  differing  from  the  above  method,  or 
to  which  during  or  after  burning  any  foreign  substances  have  been 
added,  is  not  recognized  by  them  as  Portland  cement,  and  the  sale  of 
such  products  under  the  designation  "  Portland  cement  "  is  regarded 
by  them  as  defrauding  the  purchaser.  This  declaration  does  not 
apply  to  such  minor  additions  which  are  made  to  regulate  the  setting 
time  of  Portland  cement,  and  which  are  permitted  to  an  extent  of  2 
per  cent. 

"  (/))  A  member  acting  contrai-y  to  the  obligations  assumed  under 
a  shall  be  disqualified  from  membership  in  the  Association,  and  his 
disqualification  shall  be  made  publicly  known. 
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"  (c)  In  making  this  declaration  the  undersigned  members  recognize 
that  the  officials  of  the  Association  are  in  duty  bound  to  see  that  the 
assumed  obligations  are  adhered  to." 

In  order  to  give  this  declaration  real  significance  the  association  as- 
sumed the  name  "Association  of  German  Portland  Cement  Manufac- 
turers. ' 

The  officials  of  the  Association  have,  since  all  members  have  signed 
it,  made  it  a  point  to  require  that  the  obligations  assumed  by  the 
signers  are  kej^t.  This  control,  however,  can  only  extend  to  the  pos- 
sible adulteration  during  or  after  burning,  and  to  the  raw  material  out 
of  which  Portland  cement  is  to  be  made.  To  determine  diflferences  in 
quality  of  the  various  brands  of  Portland  cement,  a  special  test  re- 
mains to  be  made  now,  as  formerly. 

The  quality  of  Portland  cement  depends  first  on  the  combination 
of  the  raw  materials,  and  after  that  on  care  in  manufacture,  the  proper 
chemical  combination,  the  degree  of  burning,  the  grinding,  etc.  The 
properties  which  are  thus  given  to  a  particular  brand  of  cement  appear 
especially  in  the  different  setting  qualities,  the  power  of  maintaining  a 
fixed  volume,  the  fineness  of  the  jjowder  and  the  tensile  and  compress- 
ive strengths ;  and  the  testing  of  these  mechanical  properties  is  imper- 
ative, in  order  to  form  a  proper  judgment  of  its  qualities. 

The  remainder  of  this  paper  will  be  devoted  to  a  comprehensive 
view  of  the  testing  methods  now  prescribed  in  the  German  Empire,  as 
well  as  those  in  common  use  beyond  the  required  ones.  A  description 
of  the  apparatus  and  machinery  which  has  proved  itself  best  adapted 
to  this  purjjose,  and  is  used  chiefly  at  leading  factories,  will  also  be 
given.  Want  of  space  will  forbid  entering  into  a  description  of  older 
or  rarely  used  and  unsuccessful  apparatus.  Tests,  also,  which  require 
extended  chemical  knowledge  and  are  incai3able  of  being  executed  on 
the  site  of  building  by  the  engineer  or  architect,  in  case  of  need,  can- 
not be  considered.  In  connection  with  testing  methods,  it  is  intended 
to  show,  as  far  as  possible  from  actual  examples,  the  relation  of 
German  cement  to  them,  and  how  the  various  methods  were  the  ac- 
tuating cause  of  a  constant  improvement  of  the  product. 

The  regulations  for  uniform  delivery  and  testing  of  Portland  ce- 
ment declare  it  to  be  a  product  created  by  burning  to  a  clinker,  a 
thorough  mixture  consisting  essentially  of  clay  and  chalky  substances, 
and  then  pulverizing  the  same  to  the  fineness  of  flour.     To  regulate 
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imjportant  technical  j)roj)erties,  foreign  substances  not  exceeding  2% 
of  the  weight  may  be  added  without  overstepping  the  regula- 
tions. 

In  the  following  paragraphs  the  most  important  of  the  regulations 
are  given  unchanged,  and  are  in  italic. 

/.  Packhig  and  Weiglit. — As  a  rule,  Portland  cement  must  be  packed  in 
standard  barrels  containing  ISO  kg.  (396  lbs.)  gross,  and  about  170  kg.  (370 
lbs.)  net,  and  in  half  barrels  of  90  kg.  (198  lbs.)  gross,  and  about  83  kg. 
(183  lbs.)  net.      The  gross  weight  must  be  marked  on  the  barrels. 

In  case  the  cement  is  wanted  in  barrels  of  different  weight  or  in  sacks,  the 
gross  weight  must  likewise  be  plainly  marked  thereon. 

Leakage,  as  tcell  as  possible  variations  in  individual  cases,  are  allowable 
to  an  e.xtent  of  2  per  cent. 

The  barrels  and  sacks,  besides  the  weight,  must  also  be  plainly  marked 
with  the  name  or  trade-mark  of  the  manvfactnring  firm. 

In  the  interests  of  the  purchaser  and  of  sound  business,  the  clause 
relating  to  an  uniform  weight  is  urgently  needed. 

For  this  purjjose  the  most  commonly  used  and  almost  exclusively 
recognized  weight  in  international  commerce  of  180  kg.  gross  (about 
400  lbs.)  has  been  chosen. 

//.  Time  of  Setting. — According  to  ike  purpose  for  which  it  is  intended, 
quick  or  slow  setting  Portland  cement  may  be  demanded.  Slow-setting  ce- 
ments are  those  that  set  in  aboict  two  hours  or  more. 

In  order  to  determine  the  time  of  setting  of  a  cement,  proceed  as 
follows :  Make  a  stiff  paste  of  pure  cement  and  water  according  to  the 
regulation  method,  stirring  the  slow-setting  cement  three  minutes  and 
the  quick-setting  one  minute.  On  a  glass  plate  make  a  cake  of  this 
paste  about  1.5  cm.  (0.4  in.)  thick,  thinning  towards  the  edges,  put- 
ting all  the  cement  necessary  for  this  end  on  the  plate  at  once.  The 
consistency  of  the  cement  paste  should  be  such  that,  after  having  been 
jjut  on  the  plate  by  a  spatula,  it  requires  rejaeated  jarring  of  the  plate 
to  cause  the  paste  to  thin  towards  the  edges.  To  this  end  about  27  to 
S0%  of  water  is  sufficient.  As  soon  as  the  cake  has  assumed  sufficient 
hardness  to  bear  the  gentle  pressure  of  a  finger-nail,  the  cement  is 
considered  as  beginning  to  set. 

For  an  accurate  determination  of  the  time  of  setting  and  the  begin- 
ning of  the  set,  which  is  of  importance  with  quick  setting  cements 
(owing  to  the  fact  that  cement  must  be  used  before  it  begins  to  set),  it 
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is  best  to  employ  Vicat's  regulation  needle,  endorsed  by  the  Mixnich 
Conference  and  shown.in  Fig.  1.  This  needle,  of  circular  cross-section, 
tlie  end  cut  at  right  angles  to 
the  axis,  having  an  area  of  1  sq. 
mm.  (.002  sq.  in.),  weighs  300  gr. 
(about  11  oz. ).  The  tests  are  made 
as  follows:  A  ring  4  cm.  {li  ins.) 
high  and  8  cm.  (3  ins.)  diameter, 
made  of  a  non-conducting  and  non- 
absorbent  material,  is  placed  on  a 
glass  plate,  filled  with  cement 
paste  of  the  above-mentioned  con- 
sistency, and  brought  under  the 
needle.  The  moment  at  which  the 
needle  no  longer  entirely  jaene- 
trates  the  cement  cake  is  taken  as 
the  "beginning  of  the  set."     The 

time   elapsing   before   the    needle  Fig.  i. 

ceases  to  make  an  impression  on  the  hardened  cake  is  taken  as  the 
"time  of  setting."  To  determine  the  proper  consistency,  let  a  rod  of 
1  cm.  (0.4  in.)  diameter  replace  the  needle,  giving  a  weight  of  330 
gr.  (11.6  oz.).  The  consistency  of  the  cement  paste  is  to  be  such  that 
the  rod  does  not  entirely  pierce  it. 

Since  the  setting  of  cement  is  influenced  by  the  temperature  of  the 
air  and  water  (high  temj^erature  hastening,  lowtem^^erature  retarding, 
it),  it  is  desirable,  in  order  to  reach  com^^arable  results,  to  make  the 
tests  at  a  mean  temperature  of  15  to  IB-'  Cent.  Cements  gener- 
ally show  a  more  or  less  marked  rise  in  temperature  while  hardening, 
the  maximum  being  coincident  with  the  beginning  of  hardening.  Dur- 
ing the  setting,  slow-setting  cement  should  not  become  markedly 
heated,  but  quick-setting  cement  may  show  a  considerable  rise  of  tem- 
perature. 

Through  long  storage  Portland  cement,  as  a  rule,  becomes  slower 
setting.  It  gains  in  activity  if  kept  in  a  dry  place  free  from  drafts,  ■ 
becoming  at  first  quick  setting,  and  after  a  few  months  gradually 
slow  setting.  How  this  varies  among  different  cements  is  shown  in 
the  following  table,  which  is  an  extract  from  a  complete  statement 
on  this  point,  laid  before  the  General  Assembly  of  the  Association 
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of  German  Portland  Cement  Manufacturers  on  March  24th,  1893,  by 
Dr.  Tomei. 


Beginning  of  time  of  setting 

in  hours  and  minutes. 

Brand  of  Cement. 

1 

Months. 

1 

2 

3 

4 

5 

6 

9 

12 

4.00 
5.00 

5.00 

4.00 
3.80 
2.30 
5.00 
4.30 
4.30 

3.00 
0.15 

6.00 

4.00 

'2!  15 

'6!25' 

5.00 
0.20 
0.15 

0.10 
1.25 

6.00 

3.40 

0.30 
1.00 

1.00 

3.30 

0.25 
2.30 

0.30 



6.00 
2.00 
4.00 
0.18 
0.40 

1.00 
2.13 

1.22 

4.30 

4.30 
4.00 

4.00 

3.45 
6.00 

4.00 

5.00 

5.00 

Cement  I,   with   ^iX    of  plaster 

5.00 

Cement  I,   with  yiX   of    plaster 

5  00 

4.00 

0.23 
0.11 
0.20 
5.00 

o'.'u 

5.45 

Cement  III 

4.00 

Cement  IV 

5.00 
4.00 

5.30 
3.00 

■Cement  V 

The  still-prevalent  idea  that  Portland  cement  deteriorates  from  long 
storage  is  an  erroneous  one,  and  all  contracts  specifying  the  use  of  a 
fresh  product  only  should  be  discountenanced.  The  setting  qualities 
of  a  cement  are  not  only  to  be  considered  in  its  choice  for  a  certain 
purpose,  but  also  in  judging  it  from  the  ultimate  strength  as  deter- 
mined through  the  regulation  testing  methods.  Of  two  quick-setting 
cements,  the  quicker  will  be  the  stronger  in  24  hours  after  hardening, 
but  in  28  days  the  slower  will  have  the  lead.  From  this  point  the  first 
begins  again  to  approach  the  latter  and  sometimes  even  passes  it.  For 
a  mortar  of  which  immediate  strength  is  demanded,  or  for  beton  to  be 
used  under  water,  the  quick-setting  cement  should,  therefore,  always  be 
used;  otherwise  the  slow-setting  variety  should  have  the  preference, 
owing  to  its  generally  greater  strength  as  well  as  certainty  of  main- 
taining a  constant  volume. 

The  quantity  of  water  used  in  mixing  cement  has  a  decided  influ- 
ence in  the  beginning  of  the  set.  To  regulate  this  it  is  necessary 
always  to  bring  the  mortar  to  the  same  consistency.  Based  on  many 
years  of  experience,  Bohme  recommends  [Q-^)%  of  water,  in  which 
Q  denotes  the  percentage  of  water  necessary  to  bring  the  pure  cement 
to  the  consistency  of  syruiJ.  The  cement  paste  has  the  regulation 
viscosity,  measurable  by  Vicat's  apparatus. 

///.  Cmistnncy  of  Volume. — The  volume  of  Portland  cement  should 
remain   constant.     The  decisive  test  of  this  should  be   that  a  cake  of  neat 
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cement,  made  on  a  glass  plate,  protected  from  sudden  drying  and  placed 
U7ider  xoater  after  2^  hours,  sJiould  shoiv,  even  after  long  submersion,  no  signs 
of  crumbling,  or  of  cracking  at  the  edges. 

In  carrying  out  the  regulation  test  for  constant  volume  the  cake 
made  for  the  purpose  of  ascertaining  the  time  of  setting  is  placed 
under  water.  With  a,  slow-setting  cement  this  is  done  after  24  hours, 
and  in  no  case  before  the  beginning  of  setting.  For  qiiick-setting 
cements  only  a  short  time  is  necessary.  It  is  essential  to  protect  the 
cakes,  especially  those  of  slow-setting  cements,  from  drafts  and  sun- 
shine until  the  setting  has  begun.  This  is  effected  by  keeping  them  in 
a  covered  box  or  under  moist  cloths.  The  formation  of  drying  cracks 
is  thus  avoided. 

If  crumbling  or  cracking  at  the  edges  appears  while  the  cement  is 
hardening  under  water,  swelling  is  undoubtedly  indicated,  i.  e.,  in  con- 
sequence of  an  increase  in  volume  a  gradual  loosening  of  the  bond  first 
formed  takes  place,  and  this  may  lead  to  a  total  disintegration  of  the 
cement.  Indications  of  swelling  generally  appear  at  the  end  of  three 
days ;  at  any  rate,  observations  extending  over  28  days  satisfy  the 
regulations.  Care  must  be  taken,  in  making  tests  for  constancy  of 
volume,  to  distinguish  between  cracks  due  to  swelling  or  contracting, 
and  such  as  are  due  to  a  too  early  submersion  of  the  samples.  Since 
Portland  cement  naturally  increases  slightly  in  volume  while  harden- 
ing under  water  (which  increase  rapidly  disappears  on  drying),  so-called 
hair  or  air  cracks  may  appear  as  a  consequence  of  repeated  change  of 
the  cement  from  a  dry  to  a  wet  state.  These  cracks  are,  however,  of 
detriment  to  building  only  when  the  cement  is  not  j^roperly  used. 
Considerable  changes  in  volume,  by  swelling  of  the  cement,  should, 
however,  be  attributed  to  inferior  quality.  These  changes  consist  in  a 
considerable  expansion  which  effects  a  dissolution  of  the  bond  previ- 
ously formed.  The  swelling  takes  place  after  the  beginning  of  setting; 
the  stronger  the  activity,  the  earlier  the  swelling  commences.  On 
cement  cakes  immersed  in  water  it  may  plainly  be  seen  at  the  end  of  a 
few  days  in  the  api^earance  of  a  network  of  fine  cracks  or,  if  very 
marked,  in  crumbling  and  cracking  of  the  edges.  The  cracks  around 
the  edges  radiate  in  wedge-shajje  from  the  center  of  the  cake.  On 
the  contrary,  cracks  due  to  shrinkage  form  irregular  curves  cross- 
ing themselves.  Very  slow-setting  cements  are  predisposed  to  such 
cracking,  these  forming  even  at  the  beginning  of  setting,  especially  if 
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the  cement  is  tlien  exposed  to  a  draft  or  to  siinsliine.  Cracks  caused 
by  putting  tlie  cement  under  water  before  the  beginning  of  setting 
should  not  be  confounded  -with  those  due  to  swelling. 

One  drawback  to  the  method  described  above  lies  in  the  length  of 
time  requisite,  to  shorten  which  artificial  heat  has  been  used  to  harden 
the  cakes  in  air  instead  of  allowing  them  to  harden  under  water. 
Under  this  head  may  be  classed  the  earlier  methods  from  England;  the 
use  of  balls,  according  to  Heintzel;  the  test  of  boiling,  according  to 
Michaelis;  the  steam  test  of  Heintzel,  and  the  lately  again-recom- 
mended high-pressure  test  of  Erdmenger.  The  last-mentioned  test  is 
the  subject  of  a  special  paper  :  "Report  on  the  Investigations  Made  to 
Determine  the  Effect  of  Magnesium  on  Portland  Cement,"  by  Dr.  L. 
Erdmenger,  Hanover,  1893.  In  North  America  the  hot  tests  have  lately 
received  due  attention  and  been  recommended  by  Mr.  W.  W.  Maclay, 
M.  Am.  Soc.  C.  E.*  According  to  experience  in  Germany,  how- 
ever, all  tests  save  the  German  method  of  cakes  are  apt  to  mislead, 
and  we  have  therefore  been  obliged  always  to  return  to  the  standard 
test  for  constant  volume  as  the  most  reliable  one.  In  fact  this  test  has 
caused  the  occurrence  of  swelling  cements  to  be  of  the  very  greatest 
rarity  in  late  years.  The  tests  made  at  the  Royal  Prussian  Station  for 
Testing  Building  Materials  gave  the  following  results  : 


In  the  year— 

Number  of 
cement  s 
tested. 

Number  not 
of  constant 
volume. 

In  the  year— 

Number    of 
cements 
tested. 

Number  not 
of  constant 
volume. 

1879-80 

25 
43 
83 
63 
80 
99 

0 
0 
0 
0 
0 
0 

1885-86    

113 
72 
103 
136 
113 
119 

1 

1880-81 

1886-87 

1881-82 

1887  88 

1882-83 

1888-89 

4 

1883-84 

1889-90 

2 

1884-85 

1890  91 

0 

Cements   of   changeable  volume   difier   also  in   other  properties, 

especially  in  tensile   strength,  from  the  Portland  cements,   so  that 

they    are    easily    recognized.      Although    the    statement     has    been 

made   above  that  the   ordinary  "swelling  cements"  may  be  readily 

recognized   after  a   few   days   or   at   Ihe   most    weeks   of  hardening, 

through  the  standard  tests  for  constant  volume,  the  cements  with  a 

high  percentage  of  magnesia,  when  burned  like  Portland  cement  to  a 

*  "  Hot  Tests  for  Determining  Change  of  Volume  in  Portland  Cement."    Transactions  Am. 
Soc.  C.  E.,  Vol.  XXVII.  p.  412. 
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slag,  seem  to  form  an  excei^tion.  In  sueli  cements  swelling  ajopears 
under  water  at  the  end  of  about  a  year;  in  air  frequently  later,  but 
with  increased  violence.  Mr.  R.  Dyckerhoff  and  others  have  made  ex- 
tensive experiments  on  this  point,  employing  for  this  purpose  Bau- 
schinger's  calliper  aj^paratus.  This  apparatus,  shown  in  Fig.  2,  is 
employed  to  advantage  wherever  it  is  desirable  to  follow  accurately  the 


Fig.  2. 


expansion  or  shrinkage  of  a  sj^ecimen  over  an  extended  period  of  time. 
It  enables  us  to  determine  by  direct  measurement  the  changes  in  length 
of  small  parallelopipedons  of  about  100  mm.  (4  ins. )  long  and  5  sq. 
cm.  (0.78  sq.  ins.)  area  with  an  accuracy  of  o-ujr  mm.  (sitoo  in-)-  The 
apparatus  consists  principally  of  a  stirrup-shajjed  caliper,  having  a 
fine  micrometer  screw  on  its  right  arm,  the  left  being  the  support  of  a 
sensitive  lever.  The  shorter  arm  of  the  lever  terminates  in  a  blunt 
caliper  point,  and  is  pressed  against  the  measuring  screw  by  a  spring 
attached  to  the  long  arm.  The  calipers  are  readily  moved  in  any 
direction,  and  the  micrometer  is  read  in  the  usual  manner.  One  revolu- 
tion of  the  screw  equals  0.5  mm.  (-5V  in.),  and  readings  on  the  head  are 
made  at  -3  0  u  mm.  (50^  in. ).  The  specimen  is  placed  on  a  small  platform, 
between  the  lever  and  the  screw.  The  points  of  the  calipers  are  set 
on  center  marks  drilled  into  small  glass  plates  let  into  the  specimens. 
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Tlie -width  between  the  caliper  jDoints  is  made  equal  to  95mm.  (33  ins.) 
in  each  of  these  instruments,  thus  very  much  simplifying  the  computa- 
tions for  length.     For  instance,  if  the  screw  reads  9.56  revolutions,  the 

9.56 
absolute  length  of  the  specimen  is  -^^ — |-    95.00   mm.   =   99.78   mm. 

The  specimens  are  made  in  small  metal  frames,  just  as  the  standard 
specimens  for  tension.  It  is  necessary,  however,  to  turn  the  moulds 
over  repeatedly,  and  treat  both  the  upper  and  under  surfaces  alike. 
If  this  is  not  done,  and  the  upper  surface  becomes  rather  thick  and 
smooth,  which  a  repeated  striking  off  with  the  trowel  will  accom- 
plish, it  may  easily  happen  that  the  lower  layers  remain  loose  and 
porous,  causing  a  distortion  of  the  specimen,  which  may  lead  to  con- 
siderable errors.  The  positions  for  the  center-mark  plates  are  pro- 
vided for  in  the  forms,  and  these  plates  may,  therefore,  be  cemented 
into  place  as  soon  as  the  specimens  are  removed  from  the  moulds.  To 
measure  a  specimen  requires  but  a  few  minutes,  the  apparatus  being 
very  easy  to  manipulate. 

Long  series  of  experiments  have  been  made  in  Germany  with  this 
apparatus,  the  results  being  published  in  the  "  Proceedings  of  the  Asso- 
ciation of  German  Portland  Cement  Manufacturers."  An  unpublished 
series  of  such  experiments  has  been  made  by  the  manager  of  the  Port- 
land cement  factory  "  Stern,"  Dr.  Tomei. 

In  the  following  table,  F  and  G  are  two  cements  which  were  tested  for 
tensile  strength  in  a  1:3  mortar,  and  showed  but  small  strength.  It  will 
also  be  noted  that  these  two  inferior  brands  showed  an  extraordinary 
degree  of  shrinkage,  making  them  unfit  for  decorative  purposes  and 
laying  of  face  stones.  This  extraordinary  shrinkage  explains  the  cracks 
shown  on  so  many  ornamental  surfaces,  artificial  stones  and  plates, 
which  always  have  either  a  neat  cement  or  a  mixture  low  in  sand  at  their 
surface.  The  preference  for  a  really  good  brand  of  cement  for  this  pur- 
pose is  thus  explained.  The  table  furthermore  shows  that  the  com- 
monly accepted  theory  regarding  a  uniform  relation  between  expansion 
when  hardening  under  water  and  shrinkage  when  hardening  in  air  is 
erroneous.  The  various  cements  found  in  the  market  vary  widely  in 
this  respect.  This  much,  only,  may  be  said — in  general,  cements  hav- 
ing low  compressive  strength  are  liable  to  great  changes  in  volume  when 
setting  in  air.  Cements  not  manufactured  according  to  the  standards 
also  show  great  changes  in  volume. 
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For  the  sake  of  illiistration  a  rmmber  of  such  cements,  used  by  R. 
DyekerhoflP,  Amoneburg,  to  test  the  effect  of  magnesium,  have  been 
noted  (Fig.  3).  In  passing  it  may  be  mentioned  that  Dyckerhoff,  in 
agreement  with  Prof.  Debray,  of  the  ficole  des  Fonts  et  Chaussees, 
Paris,  Dr.   Erdmenger   and  others,  found  a  heightened  tendency  to 
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swelling  (variable  volume)  in  cements  containing  much  magnesia,  and 
also  that  the  maximum  amount  of  magnesia  a  cement  may  safely  con- 
tain is  not  yet  determined.  In  Germany  a  special  commission  is  still 
engaged  in  further  detailed  investigations.     It  is,   however,  certain 
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tliat  a  cement  may  contain  as  high  as  5%  of  magnesia  without  causing 
aiJi^rehension  as  to  its  qualities. 

IV.  Fineness  of  Grinding. — Portland  cement  must  be  groimd  so  fine 
that  no  more  than  \Q%  of  a  sample  shall  pass  through  a  sieve  of  900  meshes 
per  square  centimeter  (5  800  per  square  inch).  The  thickness  of  the  wires 
of  the  sieve  to  be  one-half  the  width  of  the  meshes. 

The  quantity  of  cement  to  be  used  for  this  test  is  100  gr.  (3.2  oz.). 
Since  cement  is  frequently  used  with  a  high  percentage  of  sand,  and 
the  strength  of  mortar  increases  with  the  fineness  of  the  cement  used 
(because  then  more  i^arts  of  the  cement  come  into  action),  the  fine- 
ness of  cement  is  of  a  high  value.  It  therefore  seems  desirable  to  test 
the  fineness  of  the  grain  in  a  uniform  rnanner  by  means  of  a  sieve  of 
the  gauge  given  above.  In  Germany,  brass-wire  sieves  having  180, 
324,  600,  900,  4  900  and  5  000  meshes,  respectively,  per  square  centi- 
meter are  used  (1  200,  2  200,  3  800,  5  800,  31  000  and  32  000  meshes  per 
square  inch).  The  sieve  of  900  meshes  is,  according  to  the  regula- 
tions, the  standard. 

It  would  be  fallacious  to  decide  from  the  fineness  alone  of  a  cement 
as  to  its  quality,  since  inferior,  soft  cements  are  much  oftener  found 
finely  ground  than  well  burned.  "Well-burned  cements  will  show  a 
higher  strength,  as  a  rule,  even  if  not  so  well  ground  as  those  poorly 
burned.  If  the  cement  is  to  be  used  mixed  with  lime,  it  is  best  to  em- 
ploy a  well-burned  and  finely  ground  quality,  the  increased  cost  of 
which  is  counterbalanced  by  a  marked  improvement  of  the  mortar. 
Since  a  well-burned,  finely  ground  cement  possesses  a  greater  value,  it 
is  easily  seen  why  the  manufacturers  have  aimed  to  attain  a  high  de- 
gree of  fineness,  while  maintaining  a  high  specific  gravity.  The  fol- 
lowing table  will  show  to  what  extent  the  perfecting  of  old  and  the 
introduction  of  new  mill  machinery  have  produced  the  desired  end. 
From  it  also  apjDears  how  the  cements  tested  at  the  Koyal  Prussian 
Testing  Station  for  Building  Materials  approached  the  standards  more 
nearly  as  the  years  went  by.  Only  isolated  cases  of  cements  leav- 
ing more  that  20^^  on  the  sieve  of  900  meshes  occur  in  the  12 
years  given  in  the  table.  Cements  leaving  between  20  and  10^ 
have  increased  in  number  since  1882,  and  in  the  last  few  years  very 
decidedly,  while  the  very  fine  ones  leaving  less  than  10%'  have 
increased  proportionately.  This  increase  is  especially  marked  since 
1887,  the  year  of  introducing  the  new  standards,  and  shows  that  sue- 
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cess  has  not  failed  to  crown  the  efforts  of  the  German  cement  manu- 
facturers to  perfect  their  product.  The  year  1890-91  did  not  show  a 
single  one  of  the  119  samples  of  cement  tested,  both  officially  and  pri- 
vately, to  fall  short  of  the  requirements  of  the  regulations  regarding 
fineness. 

Fineness  of  Geeman  Poktland  Cement. 


Cements  Tested. 

Above  20  per  cent. 

Between  20  and 
10  per  cent. 

Below  10  per  cent. 

Falling  to  pass  through  900-mesh  sieye. 

Years. 

0) 

-a 

a 

o    . 

aa 

a 

aa 

a 
o 
<u 
Ok 

°  w 

aa 
1^ 

i 

1879-80 

25 

43 

81 

63 

80 

98 
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72 
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2 

8.0 

13 
6 
29 
25 
26 
39 
37 
16 
13 
3 
3 

52.0 
14.0 
34.9 
39.7 
32.5 
39.8 
32.2 
22.2 
12.4 
2.0 
2.7 

10 

37 

53 

37 

50 

56 

78 

55 

89 

143 

110 

119 

40  0 

1880-81 

86  0 

1881-82 

1 
1 
4 
3 

1.2 
1.6 
5.0 
3.1 

63.9 
58.7 
62.5 
57.1 
67.8 
76.4 
84.8 
98.0 
97  3 

1882-83 

1883-84 

1884-85 

1885-86 

1886-87 

1 
3 

1.4 
2.9 

1887-88 

1888-89 

1889-90 

1890-91 

100  0 

V.  Tests  for  Strength.  —  The  binding  strength  of  Portland  cement  is  to 
he  determined  by  testing  a  mixture  of  cement  and  sand.  The  test  is  to  be  con- 
ducted for  tensile  and  compressive  strength  according  to  a  uniform  method, 
and  is  to  be  performed  upon  test  specimens  of  like  form,  like  cross-section,  and 
with  like  apparatus.  It  is  recommended,  besides,  to  determine  the  strength  of 
neat  cement. 

The  tests  for  tension  are  to  be  made  upon  briquettes  of  5  sq.  cm.  (0.78 
sq.  in.)  cross-section  at  the  2ilace  of  rupture,  the  tests  for  compression  upoti 
cubes  of  50 sq.  cm.  (7.8  sq.  ins.)  area. 

Since  experience  has  shown  that  the  results  for  tensile  strength 
obtained  from  neat  cements  do  not  give  uniform  conclusions  regarding 
the  binding  properties  of  the  cement  and  sand,  especially  where  brands 
from  different  factories  are  under  comparison,  it  is  recommended  to 
test  the  binding  strength  of  Portland  cement  by  means  of  a  sand  mixt- 
ure. The  testing  of  cement  without  sand  is  to  be  especially  recom- 
mended if  a  comparison  of  Portland  cement  is  to  be  made  with  mixed 


GAEY  ON  TESTIJ^G  OF  POETLAND  CEMENT,  ETC.  31 

cements  and  other  hydraulic  binding  mixtures.  In  this  way  the 
siTjjeriority  of  Portland  cement,  owing  to  certain  qualities  which  are 
wanting  in  the  other  hydraulic  binding  materials,  is  better  brought  out 
than  when  tested  as  a  sand  mixtrire. 

Although  the  relation  of  comjiressive  to  tensile  strength  is  a  vary- 
ing one  among  hydraulic  cements,  yet  the  test  for  tensile  strength  is 
frequently  the  only  one  used  in  comparison  of  different  kinds.  This, 
however,  leads  to  an  erroneous  judgment  of  them. 

And  further,  since  in  practice  mortar  is  chiefly  called  upon  to  with- 
stand pressure,  the  standard  test  of  strength  should  be  no  other  than 
the  test  for  compression.  In  order  to  maintain  uniformity  in  these 
tests  the  German  regulations  recommend  the  use  of  such  apparatus 
and  tools  as  are  employed  at  the  Royal  Testing  Station  at  Charlotten- 
burg,  Berlin.     These  instruments  will  be  further  described  below. 

VI.  Tensile  and  Compressive  Strength. — Slow-setting  Portland  cement, 
when  mixed  with  standard  sand  in  the  proportion  of  1  part  of  cement  to 
3  of  sand  by  weight,  28  days  after  being  mixed — one  day  in  air  and  27 
in  water — must  possess  a  te^isile  strength  of  not  less  than  16  kg.  per  square 
centimeter'  (225  lbs.  per  square  inch),  and  a  maximum  compressive  strength 
of  160  Jcg.  x>er  square  centimeter  (2  250  lbs.  per  square  inch). 

Quick-setting  cements  generally  show  a  lower  strength  after  28  days  than 
that  given  above.  The  time  of  setting  must,  therefore,  be  given  xohen  stating 
figures  relative  to  strength. 

When  comparing  several  varieties  of  cement  it  is  absolutely  neces- 
sary to  make  a  test  with  a  high  percentage  of  sand,  because  the  setting 
properties  of  diflferent  varieties  vary  much  with  the  amount  of  sand. 
A  proportion  of  1  part  cement  to  3  of  sand  by  weight  is  taken  as  a 
standard,  for  with  3  jjarts  of  sand  the  binding  qualities  of  a  cement 
are  sufficiently  tested. 

A  cement  which  shows  a  higher  tensile  or  compressive  strength 
often  allows  a  larger  percentage  of  sand,  and,  on  this  account,  a.s  well 
as  owing  to  greater  strength  with  the  same  amount  of  sand,  can  fairly 
command  a  higher  price. 

The  standard-strength  test  is  that  for  comiiression  after  an  interval 
of  28  days.  In  a  shorter  period  the  time  of  setting  is  not  sufficiently 
emphasized.  The  results  may,  for  instance,  show  an  equal  strength 
for  diflferent  cements  after  28  days,  while  at  the  end  of  but  seven  days 
there  would  be  a  marked  diflference. 
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The  tensile  strength,  after  28  days,  serves  as  the  usual  test  of  the 
furnished  product.  Should  it,  however,  be  desirable  to  make  a  test  at 
the  end  of  seven  days,  the  relation  of  the  tensile  strength  after  seven 
days  to  that  at  the  end  of  28  days  must  first  be  determined.  This  test 
may  also  be  made  with  neat  cement,  if  the  relation  of  the  strength  of 
cement  to  that  with  3  parts  sand  and  28  days  old  has  been  deter- 
mined. It  is  recommended  that,  whenever  possible,  the  tests  be  ex- 
tended over  some  time,  the  briquettes  being  made  and  kept  for  this 
purpose,  in  order  to  determine  the  behavior  of  different  cements  after  a 
longer  period  of  hardening. 

The  standard  sand  used  at  the  Koyal  Testing  Station  in  Berlin  is 
produced  by  washing  and  drying  quartz  sand  which  mtist  be  as  clean 
as  joossible,  and  afterwards  be  sifted  through  a  sieve  of  60  meshes  per 
square  centimeter  (387  meshes  per  square  inch),  by  which  process  the 
coarser  i^articles  are  separated.  The  sand  is  again  sifted  through  a 
sieve  having  120  meshes  to  the  square  centimeter  (774  per  square  inch). 
The  residue  remaining  in  this  sieve  is  the  "  standard  sand  "  for  experi- 
ments, the  coarsest  and  finest  jDarticles  having  been  eliminated.  It  is 
absol  utely  necessary,  in  order  to  obtain  uniform  results,  to  use  only 
the  st  andard  sand  described  above,  as  the  size  of  grain  of  the  sand 
has  a  m  aterial  influence  on  the  results  of  the  testing.  The  standard 
sand  must  be  clean  and  dry,  and  all  earthy  and  other  substances  be 
previoiisly  removed  by  washing. 

The  Prussian  sand  is  obtained  near  Freienwalde  on  the  Oder,  in  the 
province  of  Brandenburg,  and  may  be  had  sifted  and  washed  from  the 
Chemical  Laboratory  for  Clay  Industry,  No.  6  Kruppstrasse,  Berlin. 

Since  all  quartz  sand  does  not  give  the  same  strength  even  if  uni- 
formly handled,  it  becomes  necessary  to  ascertain  if  the  sand  at  dis- 
posal is  ujj  to  the  stp/udard  furnished  under  direction  of  the  manage- 
ment of  the  "  Association  of  German  Cement  Manufacturers,"  which 
is  the  standard  used  at  the  Royal  Testing  Station  at  Berlin.  Sand 
possessing  the  standard  qualifications  is  found  in  various  parts  of 
Germany.  An  international  standard  sand  has  not  yet  been  adopted, 
and  it  is  on  this  account  that  tests  made  on  Portland  cement  give 
different  results  in  different  countries.  The  Russian  standard  sand, 
for  instance,  gives  markedly  lower,  and  the  Swiss  sand  considerably 
higher,  strength  than  the  German. 

In  order  to  avoid  the  variation  i^roduced  in  the  sand  by  the  gradual 
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change  in  sieves  of  wire  netting,  due  to  wear,  the  last  conference  for 
the  unification  of  testing  methods,  held  in  Berlin,  1890,  decided  to  sub- 
stitute for  the  wire  sieves  others  of  tin,  the  openings  being  circular,  A 
commission  was  appointed  to  fix  the  size  of  the  holes  and  their  arrange- 
ment, as  well  as  the  thickness  of  the  tin.  The  new  sieves  must  separate 
a  sand  which  shall  possess  a  tensile  strength  equal  to  that  furnished 
by  the  present  standard  sand.  It  is  expected  that  a  decision  will  be 
reached  on  this  point  at  the  conference  to  be  held  in  Vienna  in  1893. 

Tensile   Tests. 

(rt)  Handwork. — On  a  slab  of  metal  or  marble  are  laid  10  small 
sheets  of  filtering  paper,  which  have  been  previously  saturated  with 
water,  and  upon  these  are  placed  10  brass  moulds,  thoroughly  clean 
and  moistened  with  water,  250  gr.  of  cement  and  750  gr.  of  di-y  stand- 
ard sand  are  thoroughly  mixed,  and  to  this  is  added  the  requisite 
quantity  of  water  as  specified  by  weight,  in  the  most  cases  10%"  = 
100  gr.  The  whole  mass  is  then  worked  up  with  a  trowel  or  spatula 
until  it  exhibits  an  appearance  of  perfect  homogeneity.  In  this  manner 
a  very  stifi"  mortar  is  obtained,  which  has  the  appearance  of  freshly 
dug  moist  earth.  With  this  mortar  the  10  moulds  are  filled  and 
heaped  up;  the  mortar  is  then  beaten  into  the  moulds  with  an  iron 
trowel  (of  from  250  gr.  (=  10)  to  13  ozs.  weight),  at  first  lightly  and 
afterwards  more  heavily,  imtil  it  becomes  elastic  and  water  appears 
on  the  surface  (such  a  trowel  is  pictured  in  Fig.  5).  It  is  of  the  utmost 
importance  that  the  blows  be  kept  up  uninterruptedly  until  this  point 
be  attained.  The  superfluous  mortar  is  now  scraped  oflf  with  a  knife, 
and  by  means  of  the  same  the  surface  is  leveled.  By  using  greater 
force  a  larger  quantity  of  mortar  than  specified  above  might  be  ham- 
mered into  the  moulds,  and  the  briquettes  gain  in  tensile  strength  ac- 
cordingly; this  would,  however,  be  against  the  regulations  for  the 
uniform  delivery  and  testing  of  Portland  cement. 

When  the  briquettes  have  become  sufficiently  hard,  they  are  taken 
out  of  the  moulds  by  undoing  the  screws,  and  any  adhering  filtei-ing 
paper  is  removed.  After  remaining  24  hours  exposed  to  the  air,  at  a 
temperature  of  about  60°  Fahr.  and  in  a  covered  box,  the  briquettes  are 
immersed  in  water  having  the  same  temperature,  and  care  must  be 
taken  that  they  remain  covered  with  water  until  the  time  arrives  for 
taking  them  out.     On  the  day  of  testing  the  briquettes  are  taken  from 
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the  water  and  immediately  broken  on  the  machine.     The  average  of 
10  breaking  weights  furnishes  the  strength  of  the  mortar  tested. 

{b)  Machine  Work. — The  specimens  are  to  be  made  with  the  hammer 
apparatus  of  Dr.  Bohme,  and  the  hammer  of  2  kg.  (4^  lbs.)  weight  is 


to  deliver  150  blows  ui^on  the  mould.  If  the  j^rcscribed  directions  are 
closely  followed  the  results  obtained  from  machine  and  hand  made 
specimens  agree  well. 


GARY  ON  TESTING  OF  POETLAND  CEMENT,  ETC.  25 

For  a  disputed  case,  however,  the  machine-made  specimens  are  to 
be  considered  the  standard.  Bohme's  hammer  apparatus  (Fig.  4)  is  a 
tilt  hammer  with  automatic  action. 

The  hammer  is  driven  by  a  cam  wheel  of  10  cams  actuated  by  a 
simple  gearing.  The  wrought-iron  handle  of  the  hammer  is  let  into 
the  cross-head  which  carries  the  axle  of  the  hammer  and  keyed  to  this 
cross-head  and  to  the  cap,  so  that  it  may  be  readily  replaced  if  worn. 
The  steel  hammer  of  2  kg.  (4^  lbs.)  is  similarly  fastened  to  the  cap. 
As  soon  as  the  intended  number  of  blows  has  been  delivered,  the 
mechanism  is  aiitomatically  checked,  the  projier  setting  having  been 
made  for  this  purpose  before  beginning  the  work. 

The  forms  to  receive  the  mortar  (which  are  shown  separated  and 
together  for  tensile  and  compression  specimens  in  Fig.  4)  consist  of  a 
lower  and  upper  case  held  together  by  means  of  springs.  The  lower 
case  for  compression  specimens  consists  of  two  angle  irons  held  on  a 
planed  plate  by  a  grinding  strip  and  a  screw  acting  on  the  latter. 
Upward  motion  is  prevented  by  two  wedge-shaped  surfaces.  The  lower 
case  and  half  of  the  upper  one  is  tilled  with  the  mortar  to  be  tested, 
and  a  plate  laid  upon  its  surface.  On  this  plate  the  blows  are  de- 
livered. It  is  of  vital  importance  that  the  apparatus  rest  on  a  firm 
non-elastic  foundation,  preferably  it  should  be  placed  and  fastened  on 
a  pier  of  masonry. 

Compression  Tests.— Jxi  order  to  have  tests  for  compression  made  at 
different  places  give  results  in  agreement  with  each  other,  it  is  neces- 
sary to  make  the  specimens  by  machinery. 

Take  400  gr.  (14  ozs.)  of  cement  and  1  200  gr.  (42.2  ozs.)  of  dry 
standard  sand,  mix  thoroughly  in  a  dish,  add  160  gr.  (3.6  ozs.)  of 
water,  and  work  the  resulting  mortar  thoroughly  for  five  minutes  (quick- 
setting  cements  are  to  be  worked  but  one  minute).  Put  860  gr.  (30.3 
ozs.)  of  this  mortar  into  the  cubic  moiild  properly  provided  with 
filling  cases  and  fastened  to  the  bed  plate.  The  iron  core  is  placed  into 
the  form,  and  150  blows  are  delivered  on  it  by  means  of  the  hammer 
apparatus,  with  the  hammer  of  2  kg.  (4 J  lbs.)  weight.  The  filling 
cases  and  core  having  been  removed,  the  specimen  is  struck  off 
and  flush,  smoothed  and  drawn  off  the  bed-plate  together  with  the 
mould. 

For  neat  cement  specimens  mix  about  1  000  gr.  (2.2  lbs.)  cement 
with  the  requisite  amount  of  water,  and  proceed  as  in  a.     The  moulds 
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should  be  oiled  a  little,  and  can  be  removed  only  after  the  cement  has 
sufficiently  hardened. 

There  are  no  fixed  directions  in  the  regulations  regarding  the  time 
the  test  specimens  are  to  remain  in  the  moulds,  but  it  has  been  agreed 
that  specimens  for  compression,  as  well  as  hand-made  tensile  specimens, 
are  to  be  removed  only  after  the  mortar  has  well  set,  i.  e. ,  from  20  to  24 
hours  after  being  made.  Tensile  specimens,  machine  made,  may  be  at 
once  taken  from  the  moulds,  since  they  are  somewhat  harder.  The 
amount  of  water  used  is  always  to  be  mentioned  when  giving  figures 
regarding  strength. 

Method  of  Making  the  Test. — All  specimens  are  tested  as  soon  as 
taken  out  of  water.  In  tensile  tests  the  increase  in  tension  is  to  be 
made  at  the  rate  of  100  gr.  (3.5  ozs.)  per  second,  since  the  time  oc- 
cupied in  making  the  tests  is  of  importance. 


In  order  to  insure  uniform  results,  the  pressure  in  compression  tests 
is  to  be  applied  to  the  sides  of  the  cube,  and  not  to  the  bottom  or  to 
the  toi3  surface  which  has  been  worked.  The  mean  of  every  10  tests  is 
taken,  according  to  the  regulations,  as  a  measure  of  the  strength, 
which  the  resolutions  of  the  Munich  Conference  prescribe  every  six  speci- 
mens, of  which  the  arithmetic  mean  of  the  highest  four  is  taken  as  the 
measure    of   strength.       Dr.   W.    Michaelis'    double-lever   automatic 
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cement-testing  machine  is  the  one  universally  employed  in  Germany 
for  making  tensile  tests.     This  machine  is  shown  in  Fig.  5. 

Upon  a  massive  pillar,  about  ^  m.  in  height,  are  fastened  two 
levers  connected  with  one  another ;  the  vii^per  has  a  leverage  of 
10  to  1,  the  lower  of  5  to  1.  To  the  latter  is  fastened  the  upper  clip; 
the  lower  clip  is  attached  by  means  of  a  ball  joint  to  a  screw,  with  a 
hand-wheel  for  raising  or  lowering.  The  clips  are  constructed  on  the 
most  scientific  principles  and  insure  the  strain  being  brought  to  bear 
on  the  briquette  in  the  most  favorable  manner.  There  is  also  a 
counter  balance  for  bringing  the  levers  into  exact  equilibrium.  At  the 
time  of  testing  the  briquettes  are  taken  directly  from  the  water  and  set 
up  on  edges  to  drip.  The  lower  clip  is  then  raised  by  means  of  the 
wheel,  and  the  briquette  is  placed  in  position.  The  adjustment  of  the 
levers  is  now  effected  by  means  of  the  wheel.  In  adjusting  the 
briquette,  care  should  be  taken  that  the  upper  clip  is  exactly  over  the 
under  one,  and  that  their  ends  are  horizontal  and  parallel;  and  that, 
after  attaching  the  bucket  for  receiving  the  breaking  weight,  this 
latter  should  remain  suspended  5  to  10  cm.  above  the  level  of  the  table. 
The  vessel  for  the  delivery  of  the  shot  is  provided  with  a  trap,  Avhich 
cuts  off  the  stream  of  shot  instantaneously.  The  shot  is  allowed  to 
pour  out  by  opening  the  trap. 

At  the  moment  the  fracture  occurs,  the  stream  of  shot  instantly 
ceases.  The  bucket  is  now  removed  and  weighed  on  a  spring  scale. 
The  lever  proportion  is  that  of  50  to  1,  and  the  section  of  the 
briquette  5  sq.  cm. ;  the  weight  employed  is,  therefore,  -5%  of  the 
actual  breaking  strain;  the  number  indicated  in  the  scale  has  thus 
to  be  multiplied  by  10.  Although  the  apparatiTS  itself  can  be 
made  to  serve  for  ascertaining  the  weight  employed  in  fractur- 
ing the  briquette,  the  use  of  a  spring  scale  is  recommended,  on  ac- 
count of  the  saving  in  time  it  effects,  and  because,  thereby,  a  direct 
reading  is  possible.  If  it  be  desired  to  ascertain  the  breaking  weight 
by  means  of  the  apparatus  itself,  the  bucket,  with  the  shot,  is 
suspended  from  the  hook,  which  will  be  found  under  the  connecting 
piece,  between  the  two  levers;  the  upper  one  of  these  is  brought  into 
equilibrium  by  placing  weights  in  the  pan  at  the  farther  end.  The 
breaking  weight  emjiloyed  is  thus  again  weighed  decimally,  the  num- 
ber of  grams  required  to  counterbalance  it  representing  yoo  of  the 
actual  breaking  strain  per  sectionalimit;  the  actual  breaking  weight 
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in  kilograms  per  square  centimeter  is  obtained  by  simply  cutting  off 
the  last  i^lace  from  the  number  of  grams  (placing  the  decimal  point  be- 
fore the  last  figure).  In  order  to  test  accurately  very  weak  briquettes 
it  is  sufficient  to  place  10  to  20  grains  of  shot  in  the  bucket,  that  the 
clijjs  may  grip  the  briquette.  The  remainder  of  the  weight  is  then 
added  in  the  form  either  of  fine  shot  or  pounded  quartz,  dropped 
in  from  the  hand  or  from  a  vessel  with  a  spout  stipplied  for  the  pur- 
pose. The  weight  is  best  ascertained  by  means  of  a  small  hand 
balance;  the  weight  indicated  must  be  multiplied  by  10,  as  above 
stated. 

Testing  by  Compression. — Portland  cement  ceases  to  grow  in  tensile 
strength  after  some  years;  its  elasticity  decreases  while  its  compres- 
sive resistance  increases;  it  becomes  like  a  piece  of  i^ottery,  and  should 
then  be  tested  by  compression.  If  it  be  remembered  that  in  order  to 
crush  a  cube  of  only  50  sq.  cm.  a  great  weight  is  necessary,  it  will  be 
obvious  that  only  powerful  i^resses  can  be  used. 

Figs.  6  and  7  illustrate  a  machine  for  testing  the  compressive  resist- 
ance of  cement.  This  machine  is  a  hydraulic  laress,  the  jsressure  of 
whose  liquid  is  so  far  reduced  by  a  system  of  pistons  that  it  can  be 
easily  measured  by  the  pressure  of  a  column  of  qiiicksilver  of  con- 
venient height.  In  Fig  6  A  is  the  piston  causing  the  j^ressure,  B  and 
G  are  the  jaistons  to  reduce  the  pressure  of  J,  Z)  is  the  quicksilver 
manometer,  the  chief  part  of  which  is  a  glass  tube  open  at  the  to}?, 
standing  at  the  bottom  in  connection  with  the  space  under  the  piston 
C.  The  cube  E  lies  between  the  two  plates  F  and  G,  of  which  the 
first  rests  with  a  spherical  surface  on  the  piston  A  and  can  place  itself 
in  the  proper  position.  The  iipper  plate  G  hangs  to  the  lower  end  of 
the  screw  H,  and  can  be  raised  to  a  convenient  height  by  means  of  a 
hand  wheel.  The  cylinder  K,  in  which  the  piston  A  moves,  is  filled 
with  castor  oil.  If  the  jjiston-rod  L  is  pressed  into  the  cylinder  K,  a 
pressure  is  exerted  on  the  fluid,  and  thereby  the  j)iston  A  lifted  and 
the  thin  piston  B  driven  downward.  The  piston  B  presses  on  the 
larger  piston  C,  and  this  again  exerts  a  pressure  on  the  liquid  under- 
neath. This  liquid  consists  of  a  layer  of  castor  oil  under  the  piston  G, 
having  only  the  purpose  to  render  the  jiiston  air  tight.  Under  the 
castor  oil  is  quicksilver  that  fills  the  lower  part  of  the  cylinder  M 
and  the  connection  of  the  quicksilver  manometer.  In  consequence  of 
the  pressure  on  the  liquid  under  the  piston  G,  the  quicksilver  rises  in. 
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the  glass  txihe  till  the  column  balances  the  pressure.      On  the  scale- 
board  to  the  right  of  the  glass  tube  the  total  pressure  of  the  piston  A 


Fig.  6. 


is  read  in  tons   (1  ton  =^  1  000  kg.);  on  the  scale-board  to  the  left  of 
the  glass  tube  the  pressure  exercised  on  1  sq.  cm.  of  the  surface  of  a 
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normal  cube  (50  sq.  cm.)  is  read  in  kilograms  (instead  of  this  the 
pressure  of  the  liquid  under  A  could  be  read  in  kilograms  jaer  square 
centimeter  or   in   atmosjjheres).      The   maximum  j)ressure  of  30  000 


Fig.  ' 


kg.  on  the  piston  A  is  equal  to  a  height  of  the   quicksilver  column 
of  about  140  cm. 

A  cheaper  grade  of  the  same  apparatus  is  made  in  a  slightly  different 
form,  but  such  accurate  results  cannot  be  obtained  with  it. 
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The  upper  plate  of  this  apparatus  shown  in  Figs.  8,  9  and  10  is  rigid, 
and  only  the  under  one  is  attached  by  a  ball  and  socket  joint  to  the 
piston.  The  jDrovision  for  measuring  the  intensity  of  the  pressure  is 
as  follows :  The  large  pressure  cylinder  A  has  hydraulic  connection 
with  a  manometer  C  by  means  of  a  l^ipe  B.  This  manometer  consists 
simply  of  a  thin  piston,  ground  to  fit,  its  upper  end  pressing  against 
a  plate  and  thereby  tending  to  elongate  a  spring.  The  elongation  of 
the  spring  is,  therefore,  proportional  to  the  iiressure  existing  in  the 
large  cylinder  and  consequently  projjortional  to  the  pressure  exerted 
on  the  cube  of  cement.     This  jiressure  may  be  read  on  a  disc  with  two 


indices.  The  one  is  moved  by  a  cord  from  the  spring,  while  the  other 
is  carried  along  by  the  first,  and  remains  wherever  it  happens  to  be 
when  the  specimen  fails. 

The  press  is  driven  by  means  of  a  crank,  just  as  in  the  one  pre- 
viously described;  but.  to  simplify,  the  construction,  the  device  for  the 
quick  return  of  the  pressure  rod  has  been  omitted.  A  hand  pump  D 
and  a  cook  serve  to  raise  and  lower  the  under  plate  rapidly.  A  con- 
trolling lever,  which  may  be  removed  when  the  apparatus  is  in  use, 
serves  to  place  the  index  in  the  proper  position  by  means  of  directly 
attached  weights. 
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To  test  higher  strengths,  recourse  must  be  had  to  a  hydraulic  press 
"with  metal  manometer,  such  as  are  used  for  the  most  varied  industrial 
purposes.     Its  construction  is  shown  in  Figs.  11  and  12. 

The  method  of  working  this  machine  is  as  follows :  The  crank  is  put 
on  at  b,  the  coupling  pin  c  removed  and  the  piston  a  unscrewed 
completely.     The  body  to  be  tested  is  then  placed  between  the  ball- 


C=3[T 


I 

Figs.  9  and  10. 

bearing  plates  e  and  d,  the  coupling  replaced,  and  the  piston  a  turned 
by  means  of  the  crank  jjlaced  at/,  until  the  index  of  the  manometer  g 
or  h,  by  remaining  stationary  or  moving  backwards,  shows  that  failure 
of  the  test  specimen  has  begu.n.  The  low  pressure  manometer  g  is  to 
be  kept  closed  if  it  is  intended  to  use  a  higher  pressure.  The  check 
manometer  i  is  opened  only  by  means  of  a  check  cock  at  h.      The 
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Figs.  11  and  12. 
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press  is  filled  with  glyceriBe  which  may  be  introduced  above  the  piston 
a  at  about  K. 

The  press  described  as  the  standard  Swiss  apparatus  leaves  nothing 
to  be  desired  in  accuracy  of  measurement.  In  this  ring  packing  is  not 
needed,  and  the  piston  friction  is  annulled  by  the  use  of  castor  oil. 
Lately  another  machine  has  been  built  by  Engineer  Suchier,  of  Frauk- 
fort-on-the-Main,  which  allows  tests  of  tension,  compression  and 
adhesion.     This  is  operated  by  oil  under  hydraulic  pressure. 

The  jjerfection  of  cement-testing  machines  was  the  natural  conse- 
quence of  the  altered  development  which  the  manufacture  of  cement 
in  Germany  took  after  the  promulgation  of  the  new  standards,  and 
which  laid  greater  and  greater  importance  on  the  highest  possible 
compressive  strength.  The  following  tables  give  the  experiments  of 
the  Royal  Testing  Station  at  Berlin.  Considering  the  recent  experi- 
ments in  connection  with  those  made  since  1879  a  very  instructive 
comparison  of  the  development  of  the  German  cement  industry  with 
reference  to  the  strength  of  the  product,  particularly  in  tension 
and  compression,  is  obtained.  Mention  has  already  been  made  of  the 
improvement  in  regard  to  fineness.  While  the  tests  for  compression 
were  only  occasionally  made  in  1883,  they  have  become,  since  1887, 
the  most  important  factor  for  judging  the  qualities  of  cements. 

Table  A  shows  that  cements  having  a  tensile  strength  of  more  than 
15  kg.  per  square  centimeter  (215  lbs.  per  square  inch)  form  the  greater 
part  of  those  tested.     The  percentage  of  such  for  the  different  years  was : 

In  1880 68.2^     In  1886 80.7% 

"  1881 94.7  "        "  1887 80.9  " 

"  1882  88.3  "        "  1888 73.8  " 

"  1883 59.7  "        "  1889 77.4  " 

"  1884 84.8  "        "  1890 72.7  " 

"  1885 74.2  "        "  1891 85.7  " 

It  is  seen  that  from  1886  to  1890  there  was  no  increase,  perhaps 
because  during  this  period  the  effort  was  made  to  reach  the  sj^ecified 
compressive  strength  of  160  kg.  per  square  centimeter  (2  300  lbs.  per 
square  inch)  with  a  tensile  strength  of  16  kg.  per  square  centimeter. 
But  if  the  cements  between  15  and  16  kg.  per  square  centimeter  in 
tensile  strength  should  be  counted,  probably  the  years  1888-90  would 
not  have  lower  percentages  than  those  preceding. 
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Results  of  Tests  of  Poktland  Cements  Made  in  the  RoYAii  Test- 
ing Station  for  Buelding  Mateeials  at  Berlin. 

A.  Tensile  Strength  According  to  Standards  of  November 
10th,   1878. 


B.  Tensile  Strength  According  to  Standards  of  July  28th,  1887. 


Number 

of  28-day 

tests. 

Tensile  strength  in  kilograms  per  square  centimeter. 

Year  of  tests. 

Below  16. 

Between  16  and  20. 

Above  20. 

Number. 

Percent. 

Number. 

Percent. 

Number. 

Percent. 

1887-88 

103 
137 
99 
112 

29 
31 
27 
16 

28.2 
22.6 
27.3 
14.3 

32 
59 
38 
43 

33.0 
43.1 
38.4 
38.4 

42 
47 
34 
53 

40  8 

1888-89 

34.3 

1889-90 

34  3 

1890-91 

47.3 

Compressive   Strength  According  to   Standards   of 
July  28th,    1887. 


Year  of  tests. 

Number 
of  28day 

tests. 

Below  160  kg.  per 
square  centimeter. 

Between  160  and 

200  kg.  per  square 

centimeter. 

Above  200  kg.  per 
square  centimeter. 

Number. 

Percent. 

Number. 

Percent. 

Number. 

Percent. 

1883-84 

21 

29 
26 
22 
53 
121 
84 
85 

15 
12 
9 
7 
30 
50 
16 
28 

71.4 
41.4 
34.6 
31.8 
56  6 
41.3 
19.0 
33.0 

5 
7 
4 
6 

13 
38 
25 
26 

23.8 
24.1 
15.4 
27.3 
24.6 
31.4 
29.8 
30.6 

1 

10 
13 
9 
10 
33 
43 
31 

4  8 

1884-85 

1885-86 

1886  87 

34  5 
50.0 
40  9 

1887-88 

18  9 

1888-89 

1889-90 

27.3 
51  2 

1890-91 
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The  endeavor  to  secure  a  higli  compressive  strength  is  plainly  seen 
in.  the  last  table,  the  number  of  those  below  the  standard  continually 
ileeceasing,  while  those  between  160  and  200  kg.  per  square  centimeter 
{2  300  and  2  900  lbs.  per  square  inch)  slightly  increase,  and  those 
above  200  kg.  per  square  centimeter  materially  increase,  in  number. 

If  we  cast  a  retrospective  glance  over  what  has  been  already  said 
regarding  the  standard  methods  of  testing  of  Portland  cements,  it  will 
be  ajjparent  that  impartial  testing  is  not  an  easy  thing,  and  that  a  cer- 
tain training  is  necessary  in  order  to  observe  the  diifei-ent  regulations 
and  secure  trustworthy  results.  Accordingly,  at  the  request  of  the 
Association  of  German  Portland  Cement  Manufacturers,  the  Royal 
Testing  Station  for  Building  Materials  at  Charlottenburg,  near  Berlin, 
was  designated  by  the  Minister  of  Public  Works  of  Prussia,  by  a  de- 
cree of  August  16th,  1880,  as  the  authority  for  settling  technical 
questions  in  disj^ute.  At  the  same  time  it  was  ordered  that  in  conten- 
tions between  sellers  of  cement  and  the  Bureau  of  Public  Works  con- 
cerning the  quality  of  cement,  the  decision  of  this  testing  station, 
made  after  jaroper  tests,  should  be  final  and  binding  upon  both  par- 
ties with  respect  to  all  technical  jjoints. 

Although  the  standard  tests  are  entirely  satisfactory  for  these  pur- 
I>oses  and  for  the  comparison  of  sjjecimens,  yet  they  are  not  sufficient 
to  completely  define  all  the  properties  of  a  good  Portland  cement,  and 
its  special  qualities  for  special  purposes.  Hence,  in  Germany, 
methods  of  testing — apart  from  the  standards — have  become  further 
developed,  and  there  are  several  in  use  which  cannot  be  passed  over  in 
silence,  since  the  international  commission  above  mentioned  has  ap- 
proved and  recommended  them. 

Weight  may  be  mentioned  as  an  important  distinctive  element. 
To  determine  this,  cement  may  be  allowed  to  fall  from  a  sieve  into  a  liter 
measure,  which  is  then  shaken.  The  apparatus  of  Tetmajer  was  rec- 
ommended for  this  purpose  by  the  commission  of  September  20th,  1890, 
but  it  has  not  yet  come  into  use  in  Germany.  The  determination  of 
the  specific  gravity  of  the  cement  particles  by  the  volume-meter  of 
Schumann  is  a  well-known  uniform  method.  This  consists  of  a  glass 
bottle  of  about  200  cu.  cm.  (12.2  cu.  ins.)  caj^acity,  with  a  calibrated 
glass  tube  in  its  neck.  The  bottle  is  nearly  filled  with  oil  of  turpen- 
tine, the  tube  tightly  inserted  and  filled  by  a  pipette  with  the  same 
oil  to  the  zero  mark  of  the  scale,  care  being  taken  that  all  air  bubbles 
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are  removed.  One  liundred  gr.  (3.5  ozs.)  of  cement  is  put  in 
througli  the  tiibe,  which  is  then  closed  by  a  cork.  When  the  fluid  be- 
comes clear,  the  height  of  its  top  surface  is  noted  on  the  scale.  The 
■weight  of  the  cement  divided  by  its  volume,  as  determined  by  tlie 
scale  of  readings,  gives  the  sijecific  gravity.  To  secure 
l^recise  results,  it  is  necessary  that  the  temperature  should 
remain  uniform  throughout  the  exioeriment,  and  lieuce 
vessels,  cement  and  oil  must  have  been  kept  in  the  same 
room  for  some  considerable  time.  In  hot  weather  the 
apparattis  can  be  put  into  water  of  a  known  constant  tem- 
perature. If  100  gr.  of  cement  are  used,  a  rise  of  1°  Cent, 
between  the  two  readings  decreases  the  specific  gravitr 
0.8  per  cent. 

The  specific  gravity  of  fresh  Portland  cement  varies, 
according  to  the  brand  and  the  proportion  of  lime,  between 
3.12  and  3.25.  Stored  cement  becomes  heavier  by 
absorption  of  water  and  carbonic  acid  from  the  air;  but 
this  can  be  almost  restored  to  the  original  condition  by 
reheating.  The  specific  gravity  affords  the  only  means 
of  determining  the  calcination  of  a  cement  with  certainty, 
and  is  hence  of  high  value. 

In  many  cases  it  is  of  importance  to  know  whether 
the  briquettes  tested  for  tension  and  com- 
pression were  prepared  of  uniform  density, 
and  this  can  only  be  ascertained  through 
the  specific  gravity.  For  this  j^uipose 
Seger's  volume-meter  can  be  used.  This 
is  a  glass  vessel  with  two  tubes  inserted  in 
one  side,  i^rovided  with  a  caj)  c,  which  is 
funnel-shaiied  on  top,  so  that  no  air  bub- 
bles can  long  be  retained,  and  which  has  a 
tube  b,  where  a  zero  point  is  marked. 
The  tube  a  is  i^rovided  with  an  outlet  cock 
below  and  with  a  ball  on  top  of  about  100 
cu.  cm.  (6.1  cu.  ins.)  capacity.  The  lowest  tube  is  merely  an  outlet 
cock.  The  apjsaratus  is  filled  with  water,  air  bubbles  being  avoided, 
up  to  the  zero  mark  on  both  the  tubes  a  and  b.  Then  the  water  is 
drawn  up  into  the  ball  of  the  tube,  the  outlet  cock  opened,  the  speci- 
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men  placed  in  the  water,  and  the  water  again  allowed  to  rise  to  the 
zero  mark.  The  height  of  water  in  the  tube  then  shows  the  volume  of 
the  briquette,  and  the  specific  gravity  is  the  ratio  'of  its  weight  to  its 
volume.  Finally,  there  is  one  more  method  of  testing  to  be  men- 
tioned which  has  been  repeatedly  used  at  the  Berlin  Testing  Station,  as 
well  as  by  Professor  Bauschinger,  of  Munich,  and  which  seems  capable 
of  giving  valuable  information  regarding  the  binding  properties  of 
cement.     This  is  the  test  for  wearing  qualities  of  cement  (Fig.  14). 


Fig.  14. 

The  method  used  at  Berlin  consists  in  jsressing  the  body  to  be  tested 
{B)  by  means  of  a  simple  lever  loaded  with  25  kg.  (56  lbs.)  against  a  cast- 
iron  disc  rotating  at  the  rate  of  about  22  revolutions  per  minute  ;  20 
gr.  (308  grains)  of  Napos  Quartz  No.  3  are  jjut  on  the  plate  at  the  start, 
and  a  like  amount  at  the  end  of  every  15th  turn.  After  30  revolutions 
of  the  disc  the  body,  which  was  weighed  before  starting,  is  again 
weighed  and  the  loss  determined.  The  revolutions  are  automatically 
registered  at  D. 

When  making  the  tests,  cubes  1  cm.  in  size  are  made  with  the  regula- 
tion hammer  apparatus,  after  the  usual  manner  of  making  specimens  to 
be  tested  for  compression.    After  hardening  7  or  28  days  in  air  or  under 
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■w^ater  thej  are  weighed.  By  means  of  Seger's  volume-meter,  the 
density  is  next  determined  and  the  body  then  subjected  to  the  above- 
described  friction  process.     The  quantity  lost  in  this  test  is  shown  by 

the  expression  - — ; — -  =  v  7  (for  a  seven  days'  specimen,  in  which  g  and 

gi  are  the  first  and  last  weights  and  v  the  volume.     The  same  specimens 

are  used  for  the  28  days'  tests,  but  the  density  must  be  determined  anew 

just  before  beginning  the  test,    since  the   weight   of  the   specimens 

alters  under  the  influence  of  air  and  water.     The  density  after  28  days 

a  28 
is  ?>  28  = in  which  g  28  is  the  weight  of  the  specimen  just  before 

beginning  the  28  days'  test,  and  v^  =:  V —  w  7,  or  the  original  volume 
F  diminished  by  the  amount  in  cubic  centimeters  lost  in  seven  days 
(«7). 

For  the  28  days'  test  divide  the  weight  lost  by  friction  by  V  28,  to 
obtain  the  quantity  v  28. 

In  order  to  compare  the  amount  of  loss  sustained  by  diflferent 
cements  and  mortars,  the  results  of  experiments  made  at  six  diflferent 
cement  factories  are  given  below.  Cement  No.  1  is  a  Holstein  brand  ; 
Nos.  2,  3  and  6,  Silesia,  and  Nos.  4  and  5,  puzzuolana  cement.  While 
the  last-mentioned  cannot  jjroperly  be  compared  with  Portland  cement, 
they  are  inserted  here,  to  show  the  marked  difference  of  the  behavior  of 
the  two  varieties.  All  these  cements  fulfill  the  Prussian  regulations. 
They  have  a  tensile  strength,  after  28  days,  when  used  in  1 :3  mortar, 
of  more  than  16  kg.  per  square  centimeter  (230  lbs.  per  square  inch) 
and  a  compressive  strength  of  more  than  160  kg.  per  square  centimeter 
(2  300  lbs.  per  square  inch).  The  sieve  of  900  meshes  rejects  less  than 
lOj?^,  and  they  are  of  constant  volume.  The  table  shows  the  quantities 
lost  by  wear  of  these  six  brands,  in  cubic  centimeters,  for  specimens 
which  hardened  in  damp  rooms  in  the  air,  and  also  for  specimens  which 
were  kept  in  air  for  24  hours,  and  the  remainder  of  the  time  under 
water,  being  taken  out  of  the  water  one  hour  before  abrasion. 

For  all  these  cements  the  loss  of  weight  of  the  air  specimens  is 
greater  than  that  of  the  water  specimens.  The  loss  of  weight  of  the 
seven-day  specimens  is  only  slightly  greater,  indeed  less  in  some  cases, 
than  for  the  28-day  specimens.  This  striking  phenomenon  is  ex- 
plained by  the  circumstance  that  after  hardening  for  seven  days  the 
specimen    has   a   certain   toughness,    it  being  in    the  first   stage  of 
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development ;    after  28  clays,  however,  it  has  acquired  a  slight  brit- 
tleness,  which  renders  it   more   susceptible   to   abrasion  and  this  it 

Table  Showtng  Loss  of  Weight  of  Cements  by  Abeasion. 


Length  of 
tests. 

Habdened  in  Air. 

Habdened  undeb  Water. 

s 

1 

d 

» 

til 

a 
t-ld 

II 

O    GO 
l-HCO 

a 

a  ^ 

a  a 

«    S3 

o  m 

£  a 

a 

11 

a 
11 

r-ICO 

a 
11 

t   7  days 

5.5 
7.9 
4.6 
3.9 
5.4 
2.4 

10.4 
9.0 

10.6 
5.3 
6.2 
5.3 

4.2 
4.5 
2.5 
2.0 
2.9 
1.6 
3.9 
4.2 
7.6 
1.6 
2.3 
2.2 

3.5 
1.9 
3.4 
3.5 
6.1 
1.9 
3.9 
3.4 
10.2 
1.6 
4.2 
3.3 

6.1 
9.7 

8.3 
6.0 

18.3 
2.3 
7.3 
5.2 

19.2 
9.0 
6.5 
4.4 

8.9 
13.8 

9.5 

7.3 
62.8 
22.9 
17.3 
14.9 
28.7 
11.6 
17.1 

8.9 

5.0 
2.9 
4.6 
3.6 
2.4 
2.2 
4.0 
3.6 
7.0 
5.8 
3.5 
3.9 

3.7 
1.8 
1.7 
1.8 
2.1 
1.3 
2.6 
2.8 
5.9 
0.9 
1.3 
1.3 

3.8 
2.7 
3.0 
2.3 
2.1 
1.4 
2.5 
2.1 
7.1 
1.1 
2.2 
2.2 

7.9 
4.1 
6.6 

5.0 
4.7 
1.8 
3.6 
2.1 
15.7 
2.3 
5.0 
2.7 

10.4 

1 

(28  days 

6.8 

(   7  days 

8.8 

2 

1 28  days 

5.6 

(  7  days 

15.9 

( 28  days 

2.2 

4.6 

i 

128  days 

1.8 
17.4 

5 

(28  days 

13.4 

(   7  days 

10.9 

6 

128  days 

3.9 

practically  always  retains.  The  air  specimens  also  possess  a  greater 
brittleness  than  the  water  specimens.  For  both  kinds  the  table  shows 
that  the  loss  of  weight  of  the  neat  cements  is  greater  than  that  of 
mortars  until  the  dose  of  sand  becomes  very  high.  Hence,  the  higher 
the  proportion  of  sand  can  be  made,  until  the  loss  of  weight  of  a 
mortar  exceeds  that  of  a  neat  cement,  the  better  will  it  be  for  floors  and 
pavements,  as  far  as  wearing  qualities  are  concerned. 

By  the  grinding  action  of  the  apparatus  small  particles  are  torn  ofi" 
the  specimen.  These  particles  are  fine  flour  of  cement  for  neat  cement 
specimens;  for  a  specimen  having  1  part  sand  to  1  of  cement  this 
fine  flour  cannot  be  formed  from  the  cement  between  the  grains 
of  sand  as  long  as  there  is  sufficient  binding  force  to  hold  the  grains 
together  to  resist  the  tangential  action  of  the  grinding  plate.  This 
binding  force  of  the  cement  must,  of  course,  be  less  the  less  the  pro- 
portion of  neat  cement  in  the  specimen  and  the  greater  the  dose 
of  sand.  One  cement  will  laossess  more,  another  less,  'of  this  binding 
force,  and  can  hence  bear  a  greater  or  less  proportion  of  sand  with  an 
equal  loss  of  weight.  Furthermore,  it  will  be  readily  seen  tbat  the 
binding  strength  of  a  cement  is  increased  by  the  jjower  of  the  cement 
grains  to  adjust  themselves  close  to  the  quartz  grains;  in  other  words, 
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by  the  fineness  of  the  cement.  In  fact,  we  see  from  the  table  that  the 
very  fine  cements,  to  which  class  belong  the  puzzuolanas,  possess  the 
greatest  cohesive  strength,  entirely  independent  of  their  remaining 
properties.  This  may  be  more  plainly  seen  if  we  select  the  28  days' 
wearing  tests  and  show  them  for  air  and  water  mortar  in  a  graphic 
manner.  The  doubly  hatched  areas  in  Fig.  15  show  the  mortars  whick 
hardened  under  water. 


Fig.  15; 

The  abscissas  are  arbitrarily  assumed  and  the  co-ordinates  show 
the  wear  in  cubic  centimeters  of  various  Prussian  regulation  cements 
mixed  in  the  proportions  of  0,  1,  2,  3  and  4.  A  great  similarity  is 
shown  by  the  figure  in  the  wearing  qualities  of  the  water  specimens 
in  cements  Nos.  1,  2  and  6.  The  decrease  in  binding  strength  is  very 
nearly  projjortionate  to  the  amount  of  sand  added.  No.  3  shows  (on 
account  of  its  extraordinary  fineness)  a  strikingly  low  amount  of  wear 
which  continues  for  hydraulic  mortar  up  to  an  addition  of  from  3  to  4 
parts  of  sand,  while  air  mortar  loses  its  bond  in  a  marked  degree  with  4 
parts  of  sand.  The  two  puzzuolanas  show  a  wide  variation  in  the 
amount  of  wear,  which  amount,  although  especially  in  the  case  of  the 
hydraulic  mortars,  is  not  great,  nevertheless  makes  them  compare  un- 
favorably with  the  Portland  cements.  For  the  sake  of  comparison 
a  representation  of  the  relative  wearing  qualities  has  been  added  to 
the  figure.  This  is  the  mean  of  tests  made  by  Professor  Bohme  on 
samples  furnished  by  28  different  factories.  The  figure  shows  plainly 
in  what  manner  the  wear  increases  with  the  increased  amount  of  sand- 
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The  least  loss  by  wear  is  found  in  1  part  cement  to  1  part  sand.     In 
the  mean  the  amount  lost  by  wear  is : 

For  neat  Portland  cement 4. 7  cu.  cm. 

"     1  cement,  1  sand 1.7         " 

"     1       "        2     "     1.9         " 

"     1       "        3     "     3.6         " 

"     1       "        4     "     5.9         " 

"     1       "        5     "     13.8 

For  comparison  other  abrasion  tests  are  given  as  follows :  plaster 
of  paris,  Rabitz  patent,  5.5  cu.  cm. ;  slag  plates,  2.8  cu.  cm. ;  sandstone, 
1.7  to  15.0  cu.  cm.  Much  additional  data  might  be  furnished  show- 
ing the  importance  of  tests  for  abrasion,  but  the  limited  space  forbids. 

In  conclusion,  two  desirable  tests  remain  to  be  mentioned  which 
have  not  come  into  general  use  because  reliable  and  convenient  appa- 
ratus has  been  wanting.  These  are  the  test  for  adhesion  of  the  bind- 
ing materials  and  the  "tests  for  imperviousness  to  water.  The  Berlin 
conference  of  1890  left  the  question  regarding  the  adhesive  strength 
of  hydraulic  binding  materials  unsettled,  but  it  is  to  be  hoped  that 
the  near  future  will,  thanks  to  the  unremitting  labors  of  individual 
members  of  the  Commission,  bring  a  satisfactory  solution.  The  his- 
tory of  the  Association  of  German  Portland  Cement  Manufacturers  is 
a  guarantee  that  it  will  not  cease  pushing  its  scientific  investigations 
regarding  the  properties  of  its  product,  thus  conferring  blessings 
upon  the  German  Portland  cement  industry  and  benefits  upon  archi- 
tects and  engineers  over  the  entire  earth. 
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Portland  cement,  as  is  well  known,  consists  of  a  chemical  com- 
"bination  of  lime,  silica,  and  alumina  with  iron  in  certain  well-defined 
proportions,  together  with  alkalies,  magnesia,  etc.,  which  enter,  in  a 
minor  and  less  essential  degree,  into  its  composition. 

The  lime  may  vary  from 58  to  64:% 

The  silica       "  "    18    "24" 

The  alumina  and  iron  from 8    "  14  " 

the  three  together  amounting  to  about  95  or  96^0  of  the  whole,  and 
the  properties  of  the  cement  produced  will  depend,  in  the  first  in- 
stance, on  the  proi^ortions  which  these  ingredients  bear  to  one  another. 
The  magnesia,  alkalies  and  sulphuric  anhydride,  which  are  found  in. 

Note. — Discussions  on  all  papers  pre.«entert  to  the  luternational  Engineering  Congress 
■will  be  published  simultaneously  iu  the  number  for  December,  1893. 
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small  varying  quantities  in  nearly  every  cement,  affect  its  proj^erties 
in  a  minor  degree,  in  accordance  with  tlie  proportions  which  they 
bear  to  each  other,  and  to  the  whole. 

The  difference  between  a  hydraulic  lime  and  a  Portland  eemei^t  is 
that  in  its  composition  hydraulic  lime  contains  a  larger  ijercerta-ge  of 
lime  than  a  Portland  cement,  and  consequently  its  nature  is  such  that 
it  requires  hydrating  before  use,  whether  that  hydration  be  effected 
by  grinding  or  slacking  it  with  water,  whereas  Portland  cement  is  fit 
for  use  without  previous  hydration  ;  this  difference  being  due  not 
only  to  the  difference  in  composition,  but  also  to  the  degree  to  which 
calcination  is  carried. 

Hydraulic  lime  is  the  product  of  the  simple  calcination  of  a  lime- 
stone rock,  and  any  slight  variations  in  the  composition  of  the  natural 
rock  does  not  materially  affect  the  resulting  lime  ;  but  the  composi- 
tion of  a  Portland  cement  has  to  be  kept  within  certain  well-defined  and 
comparatively  close  limits,  and  consequently  a  natural  rock  is  seldom 
found  which  is  capable  by  simple  calcination  of  producing  a  Portland 
cement,  and  it  is  therefore  necessary  to  find  such  limestones  and 
clays  or  shales,  which,  by  their  admixture  in  the  proj)er  proportions, 
will  produce  a  material  having  the  desired  composition. 

The  processes  of  manufacturing  Portland  cement,  therefore,  consist 
in  the  first  instance  of  obtaining  a  perfect  mechanical  admixture  of 
such  raw  materials  as  are  suitable  and  available,  and  subsequently 
reducing  this  mechanical  admixture  to  a  chemical  one  by  calcination, 
and  afterwards  grinding  the  clinker  so  produced. 

Given  any  materials  which  contain  among  them  the  lime,  silica 
and  alumina,  and  which  may,  by  jjroper  admixture  ia  definite  propor- 
tions, produce  the  components  of  a  Portland  cement,  then  Portland 
cement  may  be  iiroduced  from  them;  but  it  is  needless  to  say  that  the 
commercial  aspect  of  the  undertaking  should  be  considered,  and  in 
many  cases  it  is  evident  that  the  cost  of  jjroduction  would  be  pro- 
hibitive. It  is  therefore  necessary,  in  selecting  the  raw  materials,  to 
select  those  which  are  the  most  amenable  to  reduction  and  admixtui'e. 

Those  materials  which  are  capable  of  reduction  by  water  are  not 
only  the  most  economical  to  reduce,  but  ax'o  also  capable  of  producing 
the  most  perfect  mechanical  admixture,  and  it  is  needless  to  say  that 
the  more  perfect  the  mechanical  admixture  of  the  several  ingredients, 
the  more  jjerfect  is  the  chemical  compound  produced  by  calcination. 


FAIJA  ON  PORTLAND  CEMENT.  45 

The  chalks  and  clays  from  wbicli  Portland  cement  is  produced  on  the 
Thames  and  Medway,  in  England,  and  the  chalk  and  clay  which  are 
used  at  Yankton,  Dakota,  XJ.  S.  A.,  at  the  works  of  the  Western  Port- 
land Coment  Company,  which  the  author  designed  for  the  proprietors 
some  four  years  ago,  are  examples  of  materials  which  lend  themselves 
easily  to  disintegration  and  reduction  by  water. 

Other  raw  materials  which  are  not  capable  of  reduction  by  water 
have  to  be  ground  to  powder  and  then  mixed,  and  it  is  evident  that 
such  a  iirocess  must  be  more  expensive  than  the  former  ;  still,  by  the 
adoption  of  reducing  machinery,  suitable  to  the  materials  to  be 
treated,  the  extra  expense  need  not  be  great.  Examples  of  such 
materials  are  to  be  found  in  the  blue  lias  formation  from  which  manv 
cement  works  in  the  Midland  Counties  of  England  derive  their  supply 
of  raw  material.  In  this  case,  the  stone,  and  the  shale  which  separates 
the  beds  of  stone,  are  both  used  in  the  j)roduction  of  cement,  the  pro- 
portion of  shale  to  stone  used  being  determinen  by  the  chemical  com- 
position of  each;  but  as  both  are  capable  of  being  ground  as  brought 
from  the  quarry,  they  are  generally  ground  in  their  projjer  proportions 
together,  the  grinding  and  subsequent  pugging  effecting  the  mixing. 

Another  modification  in  the  means  of  obtaining  a  mechanical  ad- 
mixture of  two  materials,  is  where  one  is  capable  of  being  reduced  by 
water  and  the  other  is  not  ;  as,  for  instance,  a  hard  limestone  and  a 
clay.  Such  an  instance,  among  many  others,  is  tound  at  Parahyba  do 
Norte,  Brazil,  at  works  which  the  author  designed  three  years  ago. 
In  this  case  a  hard  limestone  is  used  in  conjunction  with  a  river  mud, 
and  the  author  found  that  the  best  means  of  producing  a  thorough 
admixture  of  the  materials,  was  by  grinding  the  limestone,  drying  and 
then  grinding  the  mud,  and  then  weighing  and  mixing  them  in  their 
proper  proportions. 

It  would  be  quite  impossible  to  enumerate  the  several  mechanical 
devices  which  have  to  be  used  for  the  economical  production  of  a  per- 
fect  mechanical  admixture  of  the  different  materials.  It  is  necessary 
to  consider  the  i^hysical  joroijerties  of  the  materials  to  be  dealt  with, 
and  to  treat  them  in  such  manner  as  experience  may  suggest  to  be  the 
most  satisfactory,  combined  with  due  economy. 

Having  so  far  considered  the  method  of  preliminary  dealing  with 
the  raw  materials,  the  next  process  is  to  make  them  into  such  form 
that  they  are  capable  of  being  loaded  into  a  kiln  for  calcination. 
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Por  the  further  treatment  of  materials  which  are  reduced  and 
mixed  by  water,  there  are  two  well-known  processes,  both  processes 
being  subject  to  many  variations  in  detail.  The  first,  and  the  oldest, 
and  probably,  all  things  considered,  the  most  satisfactory,  excejit  m 
the  matter  of  economy,  is  to  wash  the  chalk  and  clay  together  in  a 
wash-mill  with  a  very  large  quantity  of  water.  The  slip  so  produced 
runs  away  by  an  overflow,  and  is  conducted  by  proper  channels  into 
large  reservoirs  or  backs,  where  the  solid  particles  m  the  slip  gradu- 
ally sink  to  the  bottom,  and  the  clear  water  is  drawn  off  by  weirs  and 
sluices.  When  a  back  or  reservoir  is  full,  and  the  slip  has  attained 
sufficient  solidity  to  be  removed  in  barrows,  it  is  laid  on  the  drying 
floor,  and  subsequently  loaded  into  the  kiln.  This  process,  it  will  be 
readily  understood,  produces  the  most  perfect  mechanical  admixture 
of  the  two  materials  which  it  is  possible  to  attain. 

The  second  well-known  method  is  to  wash  the  chalk  and  clay  in  a 
wash-mill  as  before,  but  with  considerably  less  water,  and  instead  of 
taking  the  overflow,  the  slip  produced  is  simply  allowed  to  pass 
through  a  grating,  and,  consequently,  it  is  not  reduced  in  the  wash- 
mill  to  that  same  degree  of  fineness  to  which  it  is  in  the  previously- 
described  process.  In  order,  therefore,  to  obtain  that  required  fine- 
ness, the  slip,  as  it  passes  through  the  grids  of  the  wash-mill,  is  con- 
ducted to  a  pair  of  ordinary  millstones  and  ground,  from  whence  it 
passes  direct  on  to  the  drying  floors,  and  is  dried  ready  for  calcination. 

As  will  be  seen,  these  two  jirocesses  lend  themselves  to  many  modi- 
fications, in  accordance  with  exigencies  of  the  site,  etc.,  and  the 
fancy  or  whim  of  the  manufacturer. 

"When  dealing  with  materials  which  are  reduced  by  grinding,  there 
are  two  well-known  methods.  The  one  is  to  mix  it  in  a  pug  mill  with 
a  fairly  large  quantity  of  water,  reducing  it  into  a  kind  of  stiff  slip, 
which  may  be  dried  on  a  drying  floor ;  the  other  is  to  mix  it  with  a 
small  quantity  of  water  and  make  it  into  bricks  in  any  of  the  well- 
known  dry  brick  machines,  which  bricks  are  then  dried  in  the  ordinary 
way  previous  to  calcination. 

The  difference  in  the  two  processes  does  not  seem  very  great,  but 
there  is  perhaps  more  difference  between  them  than  is  apparent  at  first 
sight.  When  mixed  into  a  stiff  slip,  there  is  possibly  from  25  to  30% 
of  water  to  evaporate  from  it  before  it  is  sufficiently  dry  to  load  into  the 
kiln,  at  the  same  time  the  dried  slip  has  the  advantage  of  being  more 
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or  less  porous,  and  consequently  is  fairly  easy  to  calcine.  In  the  pro- 
cess of  compressing  the  slip  into  dry  bricks,  or  briquettes,  the  amount 
of  water  to  evaporate  is  perhaps  only  12  or  13/(^,  but  owing  to  the 
density  of  the  brick  it  is  difficult  to  evaporate  this  water,  and  the  dried 
brick  does  not  lend  itself  readily  to  easy  and  regular  calcination  in  the 
kUn. 

The  means  adopted  for  drying  the  slip,  slurry,  or  bricks,  are  vari- 
ous. The  oldest  and  perhaps  best  known  is  that  of  having  ordinary 
tiled  floors  with  flues  underneath,  through  which  the  combustion  from 
coking  ovens  is  passed,  the  slip  being  laid  on  the  top  of  the  tiles  ;  by 
this  means  the  the  slip  is  dried,  and  a  certain  quantity  of  coke  is  pro- 
duced, which  is  used  as  a  supplementary  supply  to  that  which  is 
required  for  the  calcination  of  the  cement  in  the  kilns.  Other  floors  are 
of  iron  plates,  under  which  free  steam  is  i^assed,  and  again  there  are 
many  drying  floors  which  are  constructed  like  ordinary  brick-drying 
floors,  without  any  pretention  to  economy.  But  the  most  advanced 
method  is  to  construct  the  drying  floor  at  the  level  of  the  tojj  of  the 
kiln,  and  to  use  the  waste  heat  from  the  kiln  for  drying  the  slurry  or 
bricks  for  the  next  loading.  Kilns  or  drying  floors  on  this  25rinciple 
have  been  the  subject  of  innumerable  i^atents,  both  in  the  United 
States  and  Great  Britain,  and  it  would  be  impossible  to  even  enumer- 
ate them,  to  say  nothing  of  considering  their  respective  merits.  It  is 
only  possible  to  say,  that  the  primary  object  of  a  kiln  is  to  calcine  the 
cement  evenly  and  regularly,  and  that  the  drying  of  the  slii)  by  the 
waste  heat  from  it  must  be  subservient  to  the  jiroper  calcination  of  the 
cement. 

So  far,  the  preliminary  treatment  of  the  raw  materials,  their  proj^er 
and  thorough  admixture,  and  their  manufacture  into  a  suitable  form 
fit  for  calcination,  have  only  been  considered,  and  it  is  needless  to  say, 
that  no  matter  how  perfectly  the  manufacture  has  been  so  far  carrieJ, 
the  final  result  will  not  be  satisfactory  unless  the  calcination  is  jjerfect. 
The  requirements  of  calcination  are  :  that  the  calcination  should  Le 
stopped  just  short  of  vitrifaction  ;  that  the  proper  degree  of  calcina- 
tion should  be  effected  rapidly,  and  that  the  clinker  should  be  burned, 
not  baked  ;  that  the  product  of  a  kiln  should  show  an  even  and  regu- 
lar degree  of  calcination  throughout  ;  and  lastly,  that  these  results 
should  be  obtained  with  due  economy  with  respect  to  fuel ;  and  the 
kiln  which  best  satisfies  these  requirements  is  the  one  to  be  adopted. 
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At  tlie  same  time  it  must  not  be  forgotten  that  although  the  ingredi- 
ents of  a  Portland  cement  are  the  same,  no  matter  where,  or  from  what 
Taw  materials  the  cement  is  made,  and  that  the  chemical  combina- 
tion of  those  ingredients  should  be  carried  to  the  same  degree  of  firm- 
ness, still  different  materials  require  different  degrees  of  calcination, 
and  that  a  kiln  which  is  eminently  suited  for  one  slip  is  not  of  neces- 
sity suitable  for  the  calcination  of  a  slip  jsroduced  from  other  raw 
materials.  The  whole  duty  of  a  kiln  is  first  to  exjiel  the  carbonic 
acid,  and  what  remains  of  moisture,  from  the  sliiD,  and  then  to  create 
an  intimate  chemical  combination  of  the  ingredients. 

On  drawing  a  kiln,  all  light  burnt  ijortions  should  be  picked  out, 
and  only  the  thoroughly  burnt  clinker  passed  to  the  crushers  for  sub- 
sequent grinding  ;  and  it  is  usual  to  jjut  the  light  burnt  on  top  of 
another  kiln  for  further  calcination,  or  in  some  works  small  subsidi- 
ary kilns  are  used  for  its  further  calcination. 

The  calcination  of  a  Portland  cement  has  hitherto  been  carried  put 
in  intermittent  kilns,  i,  e. ,  a  kiln  is  loaded,  fired,  allowed  to  cool,  and 
drawn,  and  hence  a  great  loss  of  heat  and  considerable  wear  and  tear 
caused  on  the  kiln,  through  alternate  expansion  and  contraction  ;  but 
the  difficulty  of  altering  this  and  adopting  a  continuous  or  running 
iiln  has  been  the  difficulty  of  obtaining  a  sufficiently  refractory 
material  to  form  the  Lining  of  the  kiln  ;  not  so  much  on  account  of  the 
lieat  in  a  cement  kiln  being  greater  than  that  to  which  fire  bricks  are 
subjected  in  many  other  manufactures,  but  to  the  presence  of  the  lime 
in  the  cement  acting  on  the  silica  and  alumina  in  the  bricks,  causing 
them  to  flux  and  enter  into  combination  with  the  slip  of  the  cement. 

The  economical  grinding  of  cement  has  lately  attracted  the  atten- 
tion of  a  great  number  of  inventors,  and  mills  or  grinding  machines 
of  almost  every  conceivable  design  and  principle  have  been  patented  ; 
but  whether  any  of  these  will  survive  and  eventually  supersede  mill- 
stones IS  a  very  problematical  matter.  The  two  princii3les  which  have 
perhaps  attracted  the  greatest  attention  are  those  of  edge-runners  and 
ball  mills,  and  the  economy  in  power  by  both  these  jJrinciples  over 
ordinary  millstones  is  very  considerable,  and  the  cost  of  repairs  and 
maintenance  is  also,  in  most  cases,  considerably  reduced  ;  but  whether 
the  grinding  is  as  efficient  is  another  question  altogether.  Mere  fine- 
ness does  not  satisfy  the  question,  as  a  cement  may  be  ground  to  an 
equal  fineness  m  two  different  mills,  and  yet  one  will  be  all  grit  and 
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the  other  all  flour  ;  and  the  more  floury  nature  a  cement  is,  the  better 
•will  be  the  results  obtained  with  it,  both  in  the  testing-room  and  in 
actual  practice  ;  and  undoubtedly  no  grinding  machine  that  has  as  yet 
been  invented  will  produce  the  same  percentage  of  flour  on  equal 
grinding  as  the  ordinary  millstone.  Mills  on  the  ball  princijile  give 
better  results  than  those  on  the  edge-runner  principle,  but  are  not  so 
efficient  as  millstones. 

The  i^ower  consumed  by  the  several  principles,  reduced  to  the  pro- 
duction of  1  ton  of  cement  per  hour,  may  be  approximately  stated  to 
be  as  follows  ". 

For  millstones 30  to  32  I.  H.  P.  per  ton  per  hour 

Ball  principle 16  to  18  I.  H.  P. 

Edge-runner  principle 12  to  14  I.  H.  P.         "  " 

in  each  case  the  cement  being  ground  to  a  fineness  of  about  5"^  resi- 
due on  a  50x50  sieve,  and  it  will  thus  be  seen  that  the  power  required 
is  proportionate  to  the  amount  of  flour  produced. 

The  great  objection  to  millstones,  from  a  manufacturer's  point  of 
view,  is  the  great  exjjense  entailed  in  dressing  them,  as  in  a  hurst  of 
four  jiairs  of  stones,  one  jjair  will  always  have  to  be  up  being  dressed; 
and  there  is,  therefore,  not  only  the  exjiense  of  dressing,  but  there  is 
the  increased  capital  charge  in  requiring  four  mills  to  do  the  work  of 
three.  It  seems  possible,  though  the  author  has  not  had  the  opportu- 
nity of  trying  it,  that  by  giving  the  millstones  a  fine  dress  with  a  con- 
siderable depth  of  face,  the  first  grinding  of  the  cement  might  be 
effected  in  one  or  other  of  the  grinding  machines  and  finished  only  in 
the  millstones. 

Before  leaving  the  subject  of  the  manufacture  of  cement,  the 
author  would  like  to  point  out  to  manufacturers,  or  intending  manu- 
facturers, the  necessity  and  great  advantages  of  having  ample  ware- 
house room  for  the  finished  cement.  Very  few  cements  are  fit  for  use 
immediately  they  are  ground,  and  all  ce-nents  are  improved  by 
judicious  and  careful  warehousing.  Not  only  therefore  is  a  manu- 
facture improved  by  having  ample  warehouse  room,  but  ample  ware- 
house room  enables  the  manufacturer  to  continue  manufacturing  his 
full  output,  even  when  his  sales  may  for  the  moment  be  a  little  slack. 

The  object  of  testing  cement  is  to  obtain  a  knowledge  of  the 
material  which  is  about  to  be  used;  and  the  author  maintains  that  that 


50  FAIJA  ON  PORTLAND  CEMENT. 

knowledge  can  best  be  obtained  by  gauging  a  cement  by  itself  with 
the  addition  only  of  water,  and  without  the  addition  of  sand  or  other 
materials,  as  these  themselves,  by  variations  in  their  composition,  form 
and  nature,  introduce  an  element  of  error,  independently  of  any  good 
or  bad  qualities  in  the  cement ;  also,  that  the  results  obtained  in  the 
testing-room  and  laboratory  are  infinitely  superior,  so  far  as  strength 
is  concerned,  to  any  that  can  be  obtained  in  actual  practice  ;  and 
that  it  is  the  object  of  the  manipulator  in  the  testing-room,  to  obtain 
the  very  best  results  which  his  knowledge  and  skill  make  possible. 

A  very  true  knowledge  of  the  value  of  a  cement  may  be  obtained 
by  determining  the  following  properties  : 

1.  The  time  which  a  cement  takes  to  set. 

2.  Its  soundness  or  freedom  from  blowing. 

3.  The  fineness  to  which  it  is  ground. 

4.  Its  tensile  strength  at  three  or  seven  days. 

Of  these  the  most  important  is,  of  course,  its  soundness,  for  if  a 
cement  will,  after  a  longer  or  a  shorter  jjeriod,  "blow " and  destroy  the 
work  of  which  it  forms  a  component,  it  evidently  does  not  matter  how 
long  it  takes  to  set,  to  what  fineness  it  is  ground,  or  what  tensile 
strength  it  develops  within  the  limits  of  time  of  an  ordinary  test. 

The  manner  of  carrying  out  this  test  will  be  considered  later  on. 

The  setting  properties  of  a  cement  may  be  determined  by  taking  a 
few  ounces  of  the  cement  and  mixing  it  with  the  very  smallest  quantity 
of  water  which  will  allow  of  its  being  worked  up  with  a  trowel  into  a 
tenacious  mass,  which  will  retain  the  form  into  which  it  is  made. 
This  should  be  shaped  up  into  a  pat  of  about  3  ins.  long,  by  1^ 
ins.  wide,  and  f  in.  thick,  and  placed  on  a  non-porous  slab; 
and  it  may  be  considered  "set  hard"  when  the  pressure  of  the 
thumb  nail  will  no  longer  mark  it.  Or  if  the  thumb-nail  test  is  con- 
sidered too  primitive,  a  Vicat  needle  may  be  used  ;  the  needle  having 
aflat  point  with  a  diameter  of  0.1  in.,  and  loaded  with  a  weight  of 
3  lbs.  The  needle  should  be  alio  \7ed  to  remain  on  the  pat  for  about 
one  minute,  and  when  on  removal  no  mark  is  left,  the  cement  may  be 
considered  set  hard.  There  is,  however,  an  intermediate  stage  which 
should  be  noted,  viz.,  the  time  of  "  initial  set,"  and  this  is  of  more  im- 
portance than  the  time  which  a  cement  takes  to  finally  set.  A  cement 
when  it  is  first  worked  up  into  a  pat,  has  a  glossy,  wet  appearance, 
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which  is  due  to  the  excess  of  water  which  was  used  in  gauging  remain- 
ing on  the  surface,  and  it  will  remain  in  this  condition  until  the  setting 
commences ;  the  Avater  will  then  leave  the  surface,  and  become  absorbed 
by  the  cement  as  it  sets  or  crystallizes,  and  when  once  this  process  has 
commenced,  any  disturbance  of  the  cement  will  destroy  its  construc- 
tive value  ;  hence  it  will  be  seen  that  the  time  of  "  initial  set  "  of  a 
cement,  or  the  time  that  elapses  between  the  first  addition  of  water 
and  the  commencement  of  setting,  defines  the  time  -^vhich  may  be  taken 
for  the  j)roi3er  manipulation  of  the  cement  in  the  work  in  which  it  is 
to  be  used.  The  time  which  it  takes  for  a  cement  to  set  hard  is 
not  of  such  importance,  and  also  cannot  be  determined  with  the 
same  accuracy.  The  initial  set  is  the  commencement  of  an  actual 
chemical  process  which  continues  until  the  cement  has  attained  its 
ultimate  hardness  and  strength,  while  the  time  of  "set  hard"  forms 
only  a  somewhat  more  or  less  accurately  to  be  determined  period.  At 
the  same  time  the  comparisons  between  the  time  of  "initial  set  "  and 
"set  hard"  aflford  many  opportunities  of  obtaining  considerable 
knowledge  of  the  nature  of  a  cement,  and  the  manner  in  which  it  may 
best  be  used. 

Cements  may  be  divided  into  two  classes — quick  setting  and  slow 
setting.  A  quick  setting  cement  may  have  an  "  initial  set  "  of  seven 
or  eight  minutes,  and  will  be  "set  hard  "  within  the  hour  ;  in  a  slow 
setting  cement  the  time  of  initial  set  is  sometimes  very  diflScult  to 
define,  but  it  may  be  set  hard  in  from  two  to  six  hours. 

The  comparative  constructive  values  of  quick  or  slow  setting 
cements  must  depend  entirely  on  the  work  for  which  the  cement  is  to 
be  used.  It  cannot  be  said  that  a  quick  setting  cement  is  better  than 
a  slow  setting  cement,  or  a  slow  setting  cement  better  than  a  quick  set- 
ting cement  ;  they  may  be  equally  good  cements,  though  not  adapted 
to  the  same  purpose.  There  are,  of  course,  some  cements  which  do 
not  arrive  at  the  point  which  may  be  considered  "set  hard  "  in  less  than 
24  hours ;  there  are  also  some  of  the  quick  setting  cements  which 
become  set  hard  almost  immediately  on  the  addition  of  water,  render- 
ing it  absolutely  impossible  to  gauge  them.  Either  of  these  extremes 
are  undesirable,  and  a  cement  that  is  abnormally  quick  setting  or  ab- 
normally slow  setting,  should  not  be  used  in  any  work  until  after  very 
careful  tests  and  examinations  have  been  made  to  otherwise  determine 
their  quality.      There  are   some   cements   which   have   a   very  quick 
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"initial  set,"  but  after  that  take  some  considerable  time  to  harden; 
others  again,  though  really  quick  setting  cements,  approach  to  the 
characteristics  of  slow  setting  ones  by  having  no  "  initial  set  "  which 
can  be  readily  defined  ;  all  these  may  be  perfectly  good  cements,  but 
as  they  possess  abnormal  characteristics,  should  be  very  carefully  ex- 
amined before  use. 

The  causes  which  affect  the  setting  of  a  cement  are  :  primarily, 
the  proportions  to  each  other  of  the  materials  of  which  it  is  composed; 
and  secondly,  the  degree  of  their  chemical  affinity,  or  in  other  words, 
the  degree  or  manner  of  calcination  to  which  they  have  been  sub- 
jected. 

In  former  days  a  very  slow  setting  cement  was  supjDOsed  to  be  so, 
because  it  contained  a  very  large  percentage  of  lime.  This  is  true 
only  so  far  that  a  cement  containing  a  large  jiercentage  of  lime  will 
probably  be  slow  setting,  but  the  slow  setting  nature  of  a  cement  may 
be  due  to  many  other  causes,  and  the  most  marked  of  these  is  the 
degree  of  calcination  to  which  it  has  been  subjected.  Given  any  com- 
bination of  lime,  silica  and  alumina,  which  falls  within  the  limits  of  an 
ordinary  Portland  cement  compound,  the  degree  to  which  it  is  calcined 
will  make  it,  within  limits,  dependent  on  its  composition,  either  a 
quick  or  a  slow  setting  cement.  The  percentage  of  alumina  and  iron 
again  will  affect  the  setting  of  a  cement  to  a  great  extent. 

Independently,  however,  of  the  chemical  composition  and  calcina- 
tion of  a  cement,  there  are  other  matters,  of  a  purely  mechanical 
nature,  which  affect  the  setting  powers  of  a  cement.  The  age  of  a 
cement  is  perhajjs  the  most  important,  and  there  are  one  or  two 
peculiarities  in  this  ;  a  cement  when  first  ground  may  generally  be 
gauged  very  easily  with  a  comparatively  small  quantity  of  water,  but 
when  that  cement  has  been  in  the  warehouse  for  24  hours  it  may  be 
almost  impossible  to  gauge  it,  as  it  sets  or  commences  to  set  almost 
directly  the  water  is  added  ;  after  this  period,  however,  the  cement 
gradually  becomes  slower  setting,  and  even  a  very  quick  setting 
cement  will  in  a  few  months  become  quite  slow  enough  for  all  ordinary 
purposes,  provided,  of  course,  that  during  that  period  it  has  been 
kept  in  a  dry  and  cool  warehouse,  and  has  not  been  affected  by  damp 
or  wet,  or  otherwise  damaged. 

The  tensile  strength  of  a  cement  is  the  test  which  is  generally  con- 
sidered to  most  accurately  define  its  value  for  constructive  purposes  ; 
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needless  to  say  the  strength  of  a  cement  will  be  dependent  on  its  com- 
position and  calcination  in  a  similar  manner  to  the  peculiarities  of 
setting  which  have  already  been  referred  to.  A  quick  setting  cement 
naturally  attains  greater  strength  in  a  shorter  period  than  a  slower 
setting  one,  but  a  sIoav  setting  cement  has  probably  the  greater  ulti- 
mate strength. 

The  manner  of  carrying  out  this  test  is  to  gauge  briquettes  in  gun- 
metal  moulds,  having  a  sectional  area  at  the  smallest  part  of  1  sq. 
in. ;  the  briquettes  after  being  left  in  the  moulds  for  24  hours  in  order 
to  become  perfectly  set,  are  removed  and  placed  in  tanks  of  water,  in 
which  they  are  allowed  to  remain  until  they  are  to  be  tested.  The 
usual  and  most  convenient  periods  to  test  the  briquettes  for  tensile 
strength,  is  at  the  ex23iration  of  three  and  seven  days  from  the  time  of 
gauging.  It  is  usual  to  make  five  briquettes  to  test  at  each  date,  and 
the  average  strength  of  the  five  taken  as  representing  the  tensile 
strength  of  the  cement  at  those  j^eriods.  It  is  also  perhaps  desirable 
to  occasionally  make  briquettes  to  test  at  a  longer  date,  usually  28 
days,  as  by  that  means  a  corroboration  of  the  opinion  formed  of  the 
cement  at  the  expiration  of  the  seven  days'  test  may  be  obtained.  It 
may  not  perhaps  be  apparent  that  it  is  absolutely  necessary  to  make 
tests  at  two  or  more  dates  in  order  that  the  value  of  the  cement 
may  be  arrived  at,  but  it  will  be  readily  seen  that  the  increase  in 
strength  between  the  several  dates  of  testing  gives  an  indication  of  its 
gi'owth,  and  hence  an  approximation  of  its  ultimate  strength  may  be 
arrived  at. 

It  is  difficult  to  define  any  hard  and  fast  rule  which  should  govern 
the  increase  in  the  strength  of  a  cement  between  the  three  and  seven 
days'  test.  Many  quick  setting  cements  will  carry  a  tensile  strain  of 
400  lbs.  on  the  inch  section  at  the  expiration  of  three  days  from  gaug- 
ing, and  will  probably  carry  500  lbs.  at  the  expiration  of  seven  days; 
this  would  show  an  increase  of  25,"o,  and  is  perhaps  as  much  as  can  be 
expected  from  a  cement  which  develops  a  very  high  tensile  strength 
at  the  early  date.  A  slow  setting  cement  will  probably  at  the  three 
days'  test  not  carry  more  than  300  lbs.  on  the  square  inch,  and  perhaps 
450  lbs.  at  the  expiration  of  seven  days  from  gauging,  which  would 
represent  an  increase  in  tensile  strength  of  about  50  per  cent.  It  is 
also  known  from  experience  that  most  slow  setting  cements  will  con- 
tinue to   increase   in   strength   for  a  much  longer  period   than  the 
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quicker  setting  ones,   and  consequently  the  slower   setting  cements, 
under  ordinary  circumstances,  will  attain  a  greater  ultimate  strength. 

It  will  therefore  be  seen  that  if  a  slow  setting  cement  is  required, 
it  is  not  advisable  to  demand,  in  a  specification,  too  high  a  tensile 
strain  at  the  early  dates,  and  possibly  350  lbs.  on  the  square  inch  at 
the  seven  days'  test  is  suflScient,  whei-eas  if  a  quick  setting  cement  is 
required,  400  lbs.  is  nothing  too  much  to  demand.  Of  course  there 
are  variations  from  this  regular  order  of  things,  and  sometimes  a  slow 
setting  cement  may  be  found  that  carries  400  lbs.  or  500  lbs.  at  the 
expiration  of  the  three  days'  test,  also  there  are  quick  setting  cements 
that  have  a  comparative  low  tensile  strength  at  the  early  dates,  but 
give  indications  of  considerable  growing  powers  ;  and  it  is  only  possi- 
ble to  say  that  any  cements  that  develoi^  abnormal  strength,  whether 
in  excess  or  deficiency,  should  be  looked  uj^on  with  a  certain  amount 
of  suspicion  until  their  properties  and  qualities  are  fully  ascertained. 

Latterly,  the  author  has  had  several  specifications  before  him, 
which,  in  addition  to  naming  the  minimum  strength  at  each  date,  have 
also  defined  the  maximum.  This,  no  doubt,  has  been  devised  with  the 
object  of  securing  a  certain  good  increase  in  strength  between  the 
several  dates  at  which  the  cement  is  tested,  but  it  seems  almost  need- 
less to  point  out  that  such  a  specification  defeats  its  own  object,  for 
whereas  the  best  results  of  a  cement  can  only  be  obtained  by  careful 
and  projaer  manipulation  in  the  testing-room,  a  lower  result  may  be 
easily  secured  by  indifferent  or  careless  gauging. 

The  sand  test  consists  in  gauging  the  cement  with  3  parts  of 
sand,  which  should  be  of  approved  quality,  sifted  to  a  certain  size  and 
properly  washed  and  cleansed,  but  the  difiiculties  of  carrying  out  the 
test  are  many.  Variations  in  the  form  and  hardness  of  the  grain  of 
sand  materially  affect  the  result  of  the  test,  and  the  difiiculties  of 
manipulation  and  of  making  solid  briquettes  render  it  altogether  an 
undesirable  test  to  adopt,  irrespective  of  which  the  test  is  a  long  one, 
the  briquettes  not  being  tested  until  28  days  after  gauging,  and  it 
is  needless  to  say  that  in  very  many  cases  it  would  be  impossible  to 
wait  that  length  of  time  to  know  the  value  of  the  material  which  it  is 
required  to  use.  In  the  author's  opinion  cement  should  be  tested  by 
itself,  not  only  because  the  manipulation  is  considerably  simpler,  but 
because  it  is  unwise  to  introduce  into  a  test  extraneous  matters  and 
complications  which  are  in  themselves  open  to  considerable  variation. 
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If  it  is  desired  to  ascertain  the  strength  of  a  mortar  compounded  with 
any  particular  cement,  then  let  the  cement  be  gauged  with  those  aggre- 
gates and  sand  which  are  to  be  used  on  the  work  ;  by  this  means  some 
definite  information  may  be  obtained  as  to  the  strength  and  binding 
power  of  the  mortar  which  is  to  be  used  ;  but  to  test  a  cement  with 
what  it  is  jjleased  to  call  a  normal  or  standard  sand,  gives  jDractically 
no  information  in  this  direction,  and  simply  tends  to  complicate  and 
confuse  an  otherwise  simi^le  test. 

The  fineness  to  which  a  cement  is  ground  materially  affects  its  con- 
structive value,  but  it  is  unnecessary  to  say  much  about  it,  as  the  j^rinci- 
jDle  of  fine  grinding  is  j^erfectly  well  understood.  Probably,  if  a  cement 
was  ground  to  an  impalpable  powder,  the  best  results  would  be  obtained; 
but,  as  it  is  impossible  for  the  manufacturer  to  produce  this  degree  of 
fineness  with  the  machinery  at  his  command,  except  at  great  cost,  it  is 
not  desirable  to  demand  such  extremely  fine  grinding.  A  cement  that 
will  all  pass  through  a  sieve  having  625  holes  (25')  to  the  square  inch, 
and  which  will  leave  a  residue  of  from  5  to  8%  when  sifted  through  a 
sieve  having  2,500  holes  (50')  to  the  square  inch,  is  for  all  practical  con- 
structional purposes  ground  fine  enough. 

It  is  now  necessary  to  refer  to  the  property  which  it  is  essential  that 
all  cements  should  possess,  viz. ,  absolute  freedom  from  all  indications 
of  either  expansion  or  contraction,  and  that  when  once  set  it  shall  in 
no  way  alter  its  form,  crack,  or  disintegrate. 

One  of  the  peculiarities  of  Portland  cement  is,  that  if  its  compo- 
nents are  imj^roperly  proportioned,  or  its  manufacture  has  not  been 
properly  carried  out,  it  may  have  a  tendency,  after  being  gauged  and 
mixed  with  water,  to  crack,  exj^and,  or  disintegrate  and  fall  into 
powder.  This  peculiarity  is  known  under  the  cognomen  of  "  blowing," 
and  when  a  cement  is  said  to  "  blow  "  or  to  be  a  "blowey  cement,"  it 
means  that  after  the  cement  has  been  used  it  expands,  cracks  or  disin- 
tegrates, destroying  the  work  in  which  it  has  been  used. 

The  cracks,  however,  which  are  seen  in  concrete  work  are  not 
always  due  to  the  use  of  a  "blowey  cement,"  but  may  be  due  to  con- 
structional causes,  or  to  the  expansion  and  contraction  of  the  structure 
due  to  variations  in  temperature,  or  to  the  natural  contraction  of  the 
mass  ;  and  a  simple  crack  in  a  piece  of  concrete  would  hardly  be 
indicative  of  a  "blowey  cement"  unless  accompanied  by  other  indi- 
cations, such  as  friability  or  absolute  disintegration. 
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Concrete  or  mortar,  again,  may  disintegrate,  crack  and  fall  to  pieces 
from  other  causes  than  the  use  of  a  "  blowey  cement. "  There  are 
certain  matters  often  present  in  aggregates  which,  by  not  allowing  the 
cenrent  to  set  properly,  are  antagonistic  to  the  production  of  a  sound 
concrete  or  mortar;  the  jsrincipal  of  these  are  dirt  and  loam,  and  there 
is  no  doubt  that  in  numerous  instances  the  cement  has  been  blamed  when 
the  real  fault  has  been  either  that  the  aggregate  with  which  it  was  iised 
was  dirty  or  unsuitable,  or  that  the  concrete  or  mortar  had  been 
imjiroperly  manipulated  ;  and  a  user  of  cement  should  be  as  careful  in 
Ms  choice  of  aggregate,  sand  and  water  as  he  is  in  his  choice  of 
cement.  The  best  aggregates  are  those  which,  Avhile  having  ample 
strength,  are  somewhat  irregular  in  form,  and  slightly  pprous,  and 
which  have  been  carefully  and  thoroughly  washed  before  being  used. 
The  scope  of  this  paper,  however,  does  not  extend  to  the  choice  of 
aggregates  and  manufacture  of  concrete,  but  as  these,  if  imjaroperly 
selected  and  manipulated,  may  cause  a  failure,  irresi^ective  of  the 
quality  of  the  cement,  it  seemed  necessary  to  allude  to  the  subject. 

Returning,  however,  to  the  subject,  a  cement  may  blow  within  a  few 
hours  of  its  being  gauged,  or  it  may  not  blow  until  several  months 
afterwards.  A  cement  may  blow  when  it  is  very  fresh  and  newly 
ground,  and  will  lose  that  tendency  after  it  has  become  aged.  Some 
cements  will  blow  whether  they  are  new  or  old. 

The  cause  of  "blowing"  in  a  cement  is  generally  due  to  an  excess 
of  lime  in  its  composition,  or  to  an  imperfect  combination  of  the  lime 
with  the  silica  and  alumina.  It  may,  however,  be  due  toother  causes; 
as,  for  instance,  to  the  presence  of  other  basic  materials  unduly  enter- 
ing into  the  composition  of  the  cement  by  the  use  of  improper  raw 
materials.  One  of  these,  magnesia,  created  a  considerable  scare  a  few 
years  ago.  Sulphate  of  lime  or  gypsum  is  another,  which,  although  it 
has  not  attracted  the  attention  of  users  like  magnesia,  is  more  often 
found  in  cements,  and,  when  in  any  considerable  quantity,  undoubtedly 
has  a  very  great  jjower  of  rendering  a  cement  blowey.  As  previ- 
ously stated,  it  is  hardly  fair  to  the  user  that  he  should  be  required  to 
make  himself  au  fait  on  the  several  causes  which  constitute  a  blowey 
cement  ;  it  should  be  enough  for  him  to  determine,  and  be  able  to 
ascertain,  whether  or  not  a  cement  is  blowey,  and  leave  it  to  the  manu- 
facturer to  proj)erly  compound  the  cement,  and  correct  his  manu- 
facture. 
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Several  means  liave  from  time  to  time  been  devised  for  ascertaining^ 
within  the  limits  of  time  of  an  ordinary  test  whether  or  not  a  cement  is 
absolutely  sound,  and  that  j^rocess  or  test  which  was  devised  by  the 
author  some  14  years  ago  is  now  in  general  use.  The  apparatus  in 
which  the  test  is  carried  out,  and  the  means  of  carrying  out  the  test, 
are  fully  described  in  the  Transactiotis  of  the  American  Society  of 
Civil  Engineers,  Volume  xvii,  November,  1887,  in  a  paper  which  the 
author  had  the  honor  of  communicating  to  that  Society,  headed 
"Portland  Cement  Testing."  Briefly,  it  is  a  vessel  containing  water, 
the  water  being  maintained  at  an  even  temperature  of  about  110  ta 
115°  Fahr.  ;  there  is  a  cover  to  the  vessel,  so  that  above  the  water  there 
is  a  moist  atmosphere  which  has  a  temperature  of  about  100-  Fahr. 

The  manner  of  carrying  out  the  test  is  by  making  a  pat,  in  the 
manner  already  described,  on  a  small  piece  of  glass  ;  immediately  the 
pat  is  gauged  it  is  jilaced  on  a  rack  in  the  upper  part  of  the  vessel 
and  is  there  acted  upon  by  the  warm  vapour  rising  from  the  hot  water, 
when  the  j)at  is  set  quite  hard  it  is  taken  off  the  rack  and  put  bodily  inta 
the  water,  which,  as  has  already  been  stated,  is  maintained  at  a  tempera- 
ture of  110  to  115^  Fahr.,  and  in  the  course  of  24  hours  it  is  taken  out 
and  examined,  and  if  found  then  to  be  quite  hard  and  firmly  attached  to 
the  glass,  the  cement  may  at  once  be  pronounced  sound  and  i^erfectly 
safe  to  use  ;  if,  however,  the  pat  has  come  off  the  glass  and  shows 
cracks  or  friability  on  the  edges,  or  is  much  curved  on  the  under  side, 
it  may  at  once  be  decided  that  the  cement  in  its  present  condition  is 
not  fit  for  use.  The  blowing,  however,  may  only  be  due  to  the 
extreme  freshness  of  the  sample,  and  though  a  cement  in  its  fresh 
condition  is  unfit  to  use,  it  may  be  a  perfectly  good  cement  when  aged, 
and  m  order  that  a  cement  should  not  be  condemned  unjustly  it  is- 
advisable,  in  the  event  of  a  cement  showing  a  tendency  to  blow  on  the 
first  experiment,  to  lay  some  of  it  out  in  a  very  thin  layer  on  a  tray,  so 
that  it  may  be  thoroughly  cooled,  and  in  the  course  of  a  few  days 
another  pat  should  be  made  and  treated  in  a  similar  manner  ;  if  this 
pat  goes  through  the  ordeal  successfully  and  is  perfectly  sound,  it  may 
be  fairly  assumed  that  the  cement  only  requires  ageing  to  be  a  per- 
fectly useful  one;  if,  on  the  other  hand,  the  second  test  proves  unsatis- 
factory, it  would  not  be  advisable  to  use  the  cement.  A  cement  may 
show  indications  of  blowing  while  it  is  on  the  rack  in  the  moist  heat 
of  the  vessel  ;  if  this  happens  it  is  needless  to  say  that  no  corrobo- 
rative test  is  required,  the  cement  must  be  absolutely  worthless. 


58  FAIJA  ON  POETLAND  CEMENT. 

The  ordinary  practice  of  carrying  out  this  test  is  to  make  the  pats 
in  the  morning,  at,  say,  10  or  11  o'clock,  and  to  iilace  them  in  the 
upper  part  of  the  vessel,  and  before  leaving  in  the  afternoon,  say,  at  5 
o'clock,  to  put  them  in  the  water  underneath,  and  to  examine  them  for 
soundness  the  next  morning,  so  that  in  24  hours  after  the  receipt  of  a 
-sample  its  soundness  may  be  known  ;  and  the  author  feels  sure  that 
both  users  and  manufacturers  will  agree  with  him  in  the  importance 
^nd  value  of  the  test. 

It  is  hardly  possible  to  dismiss  the  subject  of  the  soundness  of 
cement  without  reverting  to  a  test  that  was  suggested  some  three 
jears  ago  by  M.  Deval,  and  which  was  reported  upon  by  M.  de  Chate- 
laine, and  known  as  the  "hot  test."  It  consisted  in  gauging  briquettes 
in  the  ordinary  way,  either  neat  or  with  sand,  and  when  they  were  set, 
placing  them  in  water  which  was  kept  at  a  temperature  of  SO-'  Cent. 
{i.e.,  about  177°  Fahr.),  and  it  was  maintained  that,  by  so  treating  a 
briquette,  the  strength  due  to  28  days,  as  carried  out  in  the  ordinary 
way,  was  attained  by  this  method  in  considerably  less  time,  and 
thereby  the  constructive  value  of  a  cement  could  be  more  quickly 
.ascertained.  It  was  also  maintained  that  this  treatment  of  a  cement 
determined  whether  it  was  a  sound  cement  or  not,  for  if  the  briquettes 
-did  not  stand  this  excessive  temperature,  but  cracked  or  became  soft, 
Ihen  it  was  asserted  that  the  cement  was  an  unsound  one. 

When  the  author  devised  his  apparatus  for  determining  the  sound- 
Jiess  of  a  cement,  which  has  already  been  described,  he  naturally  had 
to  make  a  great  number  of  experiments  before  deciding  on  a  tempera- 
ture which  it  was  advisable  to  adopt,  and  he  then  found  that  although 
some  cements  would  bear  being  almost  boiled,  many  cements  that 
were  in  every  res23ect  good  and  sound  cements  would  not  stand  the 
jnoist  atmosphere  and  subsequent  warm  bath  if  the  temperature  was 
higher  than  that  which  he  adopts,  viz.,  116^  Fahr.  for  the  bath  ;  he, 
therefore,  when  M.  Deval's  test  was  made  public,  made  a  long  series 
of  experiments  to  satisfy  himself  that  he  had  made  no  false  deduction 
in  his  previous  experiments.  The  conclusion  which  he  arrived  at 
After  these  experiments  with  the  "hot  test "  were  the  following  : 

1.  That  if  a  cement  was  really  blowey,  his  own  apparatus  showed 

it  equally  with  the  hot  test. 

2.  That  the  induration  of  a  good  cement  was  hastened  as  much, 

and  sometimes  more,  by  immersing  the  briquettes  in  water 
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maintained  at  the  comparatively  low  temperature  of  116^ 
Falar. ,  as  wlien  immersed  in  a  bath  at  the  enormous  tem- 
perature of  177°  Fahr. 

3.  That  no  "  fully  "  limed,  as  distinguished  from  "over  "limed, 

cements  would  withstand  the  "  hot  test, "but  that  all  fully 
or  over-clayed  cements  would  stand  it,  and  that  conse- 
quently the  test  acted  prejudiciously  to  what  is  accepted 
as  a  good  cement,  and  gave  preference  to  the  over-clayed 
and  quick-setting  ones. 

4.  That  nearly  any  cement  that  had  been  aged  sufficiently  would 

stand  the  hot  test. 

As  the  result  of  these  experiments  the  author  came  to  the  conclu- 
.sion  that  the  hot  test  could  hardly  be  considered  a  satisfactory  test; 
and  as  the  test  has  not  made  any  great  headway  with  either  users  or 
manufacturers,  it  seems  that  the  conclusion  he  arrived  at  was  fully 
justified. 

In  conclusion  the  author  begs  to  submit  the  following  notes  on 
sampling  and  cement  testing  for  the  consideration  of  cement  users. 
The  specification  is  one  which  he  has  now  adopted  for  several  years, 
and  finds  that  it  in  every  way  satisfies  the  requirements  and  ensures 
the  delivery  of  a  good  cement. 

Sampling. — When  it  is  required  to  take  a  sample  of  cement  for 
testing,  it  is  desirable,  in  order  to  secure  a  fair  average  sample,  to 
take  a  small  quantity  from  several  out  of  every  100  barrels  or 
sacks,  or  the  equivalent  in  bulk,  and  mix  them  all  well  together  before 
taking  the  quanity  required  for  testing,  the  samples  being  taken  well 
from  the  center  of  the  sacks,  barrels,  or  bulk,  and  not  from  the  surface, 
as  that  portion  may  have  been  accidentally  damaged.  "When  sampling 
from  fresh  or  new  cement,  it  is  always  advisable  to  cool  it  by  laying  it 
out  in  a  thin  layer  for  a  few  days,  before  jjutting  the  test  in  hand. 

Gauging  and  Manipulation. — To  obtain  the  best  results,  the  mini- 
mum of  water  should  in  all  cases  be  used  when  gauging  cement. 
Small  experimental  pats  should  be  made  with  a  weighed  quantity  of 
cement  and  a  measured  quantity  of  water,  in  order  to  determine  the 
exact  amount  of  water  required  to  projierly  gauge  the  particular 
sample  under  consideration.  Having  arrived  at  this  knowledge,  a 
sufficient  quantity  of  cement  for  filling  a  nest  of  moulds  should  be 
weighed  out,  and  the  proper  amount  of  water  added  thereto.  It  should 
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then  be  gauged  witli  a  trowel  to  tlie  proper  consistency,  and  filled 
into  the  moulds,  being  lightly  rammed  and  gently  shaken  in  order  to 
remove  all  air  bubbles.  The  briquettes  should  then  be  smoothed  off 
and  placed  on  one  side.  The  whole  operation  from  the  time  of  adding 
the  water  to  the  cement  to  placing  the  briquettes  on  one  side  should 
not  exceed  five  or  six  minutes.  The  briquettes  should  be  removed 
from  the  moulds  at  the  expiration  of  24  hours  from  gauging,  and 
jjlaced  in  water,  where  they  should  remain  until  due  for  testing.  It 
is  customary  to  determine  the  tensile  strength  at  the  different  dates 
by  the  average  of  five  briquettes  at  each  date. 

Three  pats  should  be  made  on  j^ieces  of  glass  or  other  non-porous 
substance,  and  their  behaviour  watched  under  the  following  condi- 
tions :  Pat  No.  1  may  be  left  in  the  air,  and  No.  2  should  be  put  in 
water  as  soon  as  it  is  set  hard.  Pat  No.  3  should  be  treated  in  the 
apparatus  for  determining  the  soundness  of  cement. 

Specification. 

No.  1.  Fineness. — To  be  such  that  the  cement  will  pass  through  a 
sieve  having  625  holes  (25-)  to  the  square  inch,  and  leave  only  8% 
residue  when  sifted  through  a  sieve  having  2  500  holes  (50^)  to  the 
square  inch. 

No.  2.  Expansion  or  Contraction. — That  a  pat  made  and  submitted 
to  moist  heat  and  warm  water  at  the  temperatures  and  in  the  appara- 
tus already  described  shall  show  no  signs  of  expansion  or  contraction 
(blowing)  in  24  hours. 

No.  3.  Tensile  Strength. — Briquettes  which  have  been  gauged,  treated 
and  tested  in  the  prescribed  manner,  to  carry  an  average  tensile  strain, 
without  fracture,  of  at  least  250  lbs.  per  square  inch  at  the  expiration 
of  three  days  from  gauging  ;  and  those  tested  at  the  expiration  of  seven 
days  from  gauging  to  show  an  increase  of  at  least*  j^er  cent,  over  the 

*  If  a28  days'  test  is  required,  the  average  teusile  strength  should  be  at  least  450  lbs.  per 
square  inch,  and  it  must  be  noted  that  the  increase  in  strength  developed  between  the 
different  dates  is  an  indication  of  the  growing  strength  of  the  cement,  and  admits  of  an 
approximation  being  formed  of  its  ultimate  strength  ;  but  it  is  impossible  to  lay  down  any 
hard  and  fast  rule  as  to  what  the  increase  between  the  different  dates  should  be  ;  a  slow 
setting  cement  will  probably  increase  50?;;  between  the  three  and  seven  days'  test,  and  25^ 
between  the  seven  and  28  days;  whereas,  a  quick-setting  cement  may  increase  but  very  little. 
All  cements  should,  however,  show  an  appreciable  iucrease  in  strength  between  the  different 
dates;  but  as  the  increase  in  strength  is  not  so  great  with  quick-setting  cements  as  with  slow- 
setting  ones,  the  tensile  strength  of  a  quick-setting  cement  should  be  great(  r  at  the  shorter 
dates  than  a  slow-setting  one.  All  cements,  more  especially  quick-setting  ones,  become 
slower  Betting  and  generally  improve  in  tensile  strength  with  age. 
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strength  of  those  at  three  days,  but  to  carry  an  average  tensile  strain 
of  at  least  350  lbs.  per  square  inch. 

The  strain  should  be  applied  to  the  briquette  at  the  rate  of  400  lbs. 
per  minute. 

It  is  needless  to  say  that  it  would  be  possible,  without  much  diffi- 
culty, to  continue  the  enumeration  of  the  properties  of  cements  and 
to  discuss  their  peculiarities  for  a  considerable  length  of  time,  but  the 
author  thinks  he  has  already  mentioned  the  most  important,  and  is 
anxious  not  to  encroach  too  far  on  the  time  of  the  Congress.  He 
would,  however,  like  to  add  that  he  fully  appreciates  the  high  honor 
which  it  has  been  his  privilege  to  receive  at  the  hands  of  the  Board  of 
Direction  of  the  American  Society  of  Civil  Engineers  and  trusts  that 
the  somewhat  discursive  essay  which  he  has  presented  may  lead  to 
such  a  discussion  as  will  advance  the  knowledge  of  the  manufacture 
and  the  use  of  Portland  cement. 
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TOPOGRAPHIC   SURVEYS. 


By  Hekbekt  G.  Ogden,  Assistant  U.  S.  Coast  and  Geodetic  Survey, 


Prepared    for  the   International   Engineering'   Congress   of   the 
Columbian  Exposition,  1893. 


The  geography  of  the  surface  of  the  earth,  defining  the  boundaries 
of  the  land,  the  extent  of  the  oceans  and  seas,  and  the  discovery  of 
the  sources  of  rivers,  has  always  excited  an  interest  in  the  more  intel- 
ligent of  mankind.  It  is  but  natural  that  beings  endowed  with  the 
attributes  of  man  should  seek  for  knowledge  of  their  environments, 
and  that,  as  the  master-minds  become  more  highly  cultivated,  this 
knowledge  will  be  sought  with  greater  intensity.  Volumes  have  been 
written  on  the  earlier  theories  of  the  earth's  surface,  and  there  are 
libraries  of  works  on  the  explorations  and  discoveries  that  have  been 
made.  They  evidence  the  progress  of  geography;  but  it  is  not  within 
my  province  to  discuss  them,  as  they  are  but  the  preliminaries,  the 
beginning,  of  which  topographic  surveys  may  be  said  to  be  the  con- 


HoTE. Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 

•Will  be  published  simultaneously  in  the  number  for  December,  1893. 


OGDEN  ON  TOPOGKAPHIC  SURVEYS.  63" 

summation.  The  student  of  topography,  however,  may  profit  by 
acquiring  a  knowledge  of  the  develoiiment  of  geography.  He  will 
not  proceed  far  in  his  researches  before  he  will  be  impressed  with  the 
great  loss  of  time  and  labor  that  has  been  incurred  in  rectifying 
the  errors  of  explorers  and  geographers.  It  is  true,  that,  in  the  earlier 
centuries,  and  we  may  say  even  to  within  a  century  past,  those  who 
sought  new  conquests  in  the  field  of  geography  did  not  have  the  means 
of  locating  their  discoveries  with  the  i^recision  that  can  be  attained  by 
modern  methods,  and  that  inaccuracies  and  misconcejitions  necessarily 
arose  from  the  imperfect  methods.  But  these  are  the  errors  most 
readily  detected,  as  they  are  based  upon  observations  that  can  be 
assigned  a  probable  value.  The  more  numerous  class  of  errors,  un- 
fortunately, were  not  so  readily  adjusted  ;  based  as  they  frequently 
were  on  unverified  reports,  or  sometimes  simply  the  imagination,  they 
have  necessitated  many  perilous  voyages  and  years  of  arduous  efi"ort 
to  disi^rove  them. 

These  difficulties  have  been  experienced  in  delineating  continents^ 
oceans,  seas,  and  all  the  grand  features  of  Nature  ;  and  in  recent  years, 
in  locating  many  of  the  works  of  man,  esisecially  cities  that  history 
teaches  were  once  the  pride  of  nations  and  the  homes  of  a  civilization, 
of  which  the  barest  traces  can  now  scarcely  be  found. 

We  are  led  to  inquire,  does  history  repeat  itself  ?  Shall  the  i^ro- 
gress  of  our  day  be  buried  under  the  accumulations  of  centuries  ?  Is 
the  great  American  Eeijublic  to  be  traced  by  fragments  of  history  and 
the  legends  of  the  age  ?  Who  can  say,  and  is  there  one  so  bold  as  to 
predict  what  will  come  ?  We  cannot  control  a  future  age,  but  this 
does  not  relieve  us  of  the  responsibility  to  ourselves  and  to  those  wha 
come  after  us  in  whatever  age,  that  the  record  we  make  of  that  which  we 
have  shall  be  true. 

In  topographic  surveying,  we  continue  the  work  of  the  explorer  and 
geographer  ;  the  same  areas  are  defined,  but  with  greater  detail;  expres- 
sion is  given  to  all  the  features  of  Nature  and  the  works  of  man.  The 
results  present  to  us  a  picture  of  wondrous  forms  in  which  we  study 
the  transformation  of  hills  and  valleys,  the  growth  of  rivers,  and  the 
surface  resources  of  mother  earth,  in  advancing  economic  jsroblems  in- 
volved in  the  progress  of  civilization.  It  is  but  a  stejj  more,  with  the 
aid  of  the  specialist,  and  we  reveal  the  treasures  hidden  in  the  I'ocks 
of  the  ages. 
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Topographic  maps  are  valuable  in  military  operations,  to  the  student 
of  geology,  and  to  the  engineer  in  the  projection  of  railroads,  canals, 
"wagon  roads,  and  all  routes  of  communication  between  specified  locali- 
ties. They  have  special  value  in  the  study  and  development  of  eco- 
nomic questions :  in  a  region  to  be  opened  for  settlement  they  indicate 
graijhically  the  most  favorable  localities  to  the  pioneer  ;  and  when,  in 
addition,  they  represent  the  character  of  the  soil,  woodlands  and  other 
characteristics,  they  may  be  recognized  as  authority  in  the  projection 
of  plans  of  colonization  and  development  that  cannot  be  surpassed. 
They  are  also  valuable  in  regions  that  have  been  long  settled,  in  per- 
fecting plans  for  improvements  that  are  not  usually  required  in  new 
districts;  as,  the  conservation  and  utilization  of  water  power  for  indus- 
trial purposes,  improvement  of  roadways,  extension  of  cities  and  vil- 
lages, and  planning  many  of  those  new  enterprises  that  spring  up  with 
the  advance  of  civilization.  They  are  a  necessity  in  the  study  of 
geology,  and  are  valuable  to  students  of  many  of  the  natural  sciences, 
and  frequently  are  essential  to  the  ascertainment  of  correct  results,  and 
their  intelligible  jjublication. 

Topographic  maps,  to  meet  these  purposes,  may  be  of  varying  de- 
grees of  accuracy,  and  contain  more  or  less  detailed  information  de- 
pending largely  upon  the  characteristics  of  the  region  they  rejDresent. 
It  is  not  necessary  that  a  map  of  a  new  region  should  delineate  the 
features  with  the  greatest  refinement;  while,  on  the  other  hand,  a 
region  that  has  been  long  settled  must  be  rei^resented  with  an  accu- 
racy and  detail  that  admits  of  no  substantial  error,  to  jpermit  the  work 
Ijeing  used  to  advantage  in  the  character  of  the  improvements  that 
arise  under  such  conditions. 

The  jDrincipal  nations  of  Europe  have  completed  surveys  that  will 
generally  subserve  these  purposes,  or  are  now  engaged  upon  such  work. 
In  some  instances,  the  political  conditions  that  have  prevailed  in  the 
Old  World  necessitated  cadastral  surveys  that  were  made  Avith  great 
accuracy.  As  a  rule,  this  cadastral  work  did  not  represent  the  relief 
of  the  topography;  but  when  it  was  found  desirable  to  add  relief  to 
the  artificial  features,  the  cadastral  work  proved  to  be  a  basis  that 
would  control  and  facilitate  the  representation.  These  European 
surveys  are  based  upon  a  precise  triangulation,  and  are  usually  made 
upon  a  scale  not  far  from  1 :25000,  sometimes  slightly  larger,  and  some, 
times  slightly  smaller;  excepting  in  mountainous  districts,  where  the 
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scale  is  generally  reduced  to  about  1:50000.  In  some  instances,  "where 
the  surveys  have  been  inaugurated  on  smaller  scales  than  1 :25000,  the 
scale  has  been  increased,  to  permit  a  generous  treatment  of  the  details. 
The  Ordnance  Survey  of  Great  Britain  probably  stands  unrivaled  in 
jjoint  of  accuracy  and  thoroughness.  The  work  had  been  carried  over 
a  gi-eater  portion  of  the  Islands  on  a  scale  of  6  ins.  to  the  mile,  when  it 
was  determined  that  a  scale  of  25  ins.  to  the  mile  would  be  more  suit- 
able for  the  purposes  the  survey  was  intended  to  subserve,  and  the 
survey  of  nearly  all  the  fertile  districts  of  England  and  Scotland  has 
now  been  comj^leted  on  this  large  scale.  In  this  work  little  or  noth- 
ing was  left  to  the  imagination  of  the  surveyor;  all  lineal  measure- 
ments are  matters  of  record;  all  elevations  have  been  controlled  by 
accurate  level  lines;  and  bench  marks  have  been  left  at  frequent 
intervals  for  future  use.  These  large  scale  surveys  are  the  ground- 
work of  all  map  piiblications,  the  details  delineated  in  the  original 
surveys  being  generalized  or  eliminated  in  the  reduction  to  smaller 
scales,  preserving  generally  only  those  features  that  can  be  clearly 
represented.  The  contour  interval  is  50  ft.,  though,  in  some  instances, 
25  ft.  has  been  used  on  the  large  scales.  The  contours  are  published 
on  some  of  the  maps  on  the  1-in.  and  6-in.  scales,  but  are  rarely  given 
on  larger  scales. 

The  British  have  also  extended  their  work  to  the  Indian  Empire  iu 
the  establishment  of  the  great  Trigonometrical  Survey  of  India,  and 
have  provided  for  topographic  maj^s  of  great  variety  and  value.  There 
is  a  general  topograj^hic  survey  being  conducted  on  the  scale  of  1  in. 
to  the  mile,  supf)lemented  in  many  localities  by  cadastral  surveys  on 
scales  of  4  ins. ,  16  ins.  and  32  ins.  to  the  mile.  This  cadastral  work  is 
very  elaborate,  and  it  is  stated  by  Captain  "Wheeler,  in  his  Report  on 
Government  Surveys,  that  in  the  survey  of  the  town  and  island  of 
Bombay,  about  22  square  miles,  the  fields  and  open  country  were  sur- 
veyed on  scale  of  1  in.  to  100  ft.,  with  the  native  town  and  fort  on 
scale  of  lin.  to  40  ft.,  the  relief  being  shown  by  10-ft.  contours,  at  an 
average  cost  of  S7  040  per  square  mile. 

In  the  United  States  no  consistent  attempt  was  made  to  conduct  a 
tojjographical  survey  over  the  whole  area  until  the  organization  of  the 
Geological  Survey,  about  15  years  ago.  Nevertheless,  a  large  amount 
of  work  has  been  done  in  delineating  the  natural  features  with  suffi- 
cient  accuracy  to  prepare  geographic   maps,   and   in   some   sections 
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topographic  maps,  of  a  liigli  order.  The  first  work  of  the  General 
Government  in  the  development  of  the  Territories,  and  which  has  pro- 
duced the  largest  amount  of  geographic  information,  was  the  organiza- 
tion of  the  Land  Surveys,  for  the  division  of  the  public  lands  into 
township  sites.  These  surveys  supjDly  very  little  toj^ographic  in- 
formation; they  traverse  the  streams,  but  rarely  furnish  any  indication 
of  the  relief  of  the  topography  or  the  artificial  details. 

The  second  organization  was  the  establishment  of  the  Coast  Survey 
early  in  this  century,  although  the  work  did  not  assume  definite  pro- 
portions until  1832.  Some  40  years  later  this  survey  was  charged  with 
the  extension  of  its  geodetic  work  across  the  continent,  and  with  the 
determination  of  trigonometrical  stations  in  those  States  that  required 
their  use  in  the  prosecution  of  geologic  and  topographic  surveys  -nithin 
their  own  borders.  The  topographic  work  resulting  from  the  operations 
of  this  bureau  is  confined  to  a  narrow  strip  along  the  coasts,  rarely  more 
than  three  or  four  miles  in  width.  The  surveys  were  made  upon  scales 
of  1 :10000  and  1 :20000 ;  and  having  been  designed  for  the  double  purpose 
of  producing  charts  for  the  benefit  of  commerce,  and  maps  for  the  public 
defence,  embrace  all  the  natural  and  artificial  details  that  can  be 
clearly  represented.  The  earlier  surveys  were  very  defective  in  the 
delineation  of  details;  but  as  the  work  progressed,  improvements  were 
introduced  in  methods  that  brought  it  wp  to  a  high  standard.  The 
survey  of  the  Great  Lakes  under  the  Engineer  Corps  of  the  Army, 
established  in  1841,  furnished  topographic  maps  of  the  shores  of  the 
Great  Lakes  similar  to  the  later  work  upon  the  coasts.  The  original 
surveys  by  the  Coast  Survey  are  now  nearly  comj)leted,  and  the  origi- 
nal work  upon  the  Great  Lakes  has  been  published  for  some  years. 

During  the  period  in  which  these  established  organizations  were 
prosecuting  their  labors  on  the  coasts  and  Great  Lakes,  many  explora- 
tions were  conducted  in  the  Territories,  under  the  direction  of  the 
Corps  of  Engineers  of  the  Army.  The  list  of  these  exploring  parties 
is  a  very  long  one,  and  as  the  results  were  mainly  of  a  geographic  char- 
acter, although  of  great  value  at  the  time,  they  have  little  bearing  on 
topograj)hic  surveys  in  general. 

In  the  last  thirty  years  there  have  also  been  a  number  of  surveys 
organized  for  the  development  of  special  regions  in  the  Territories 
that  have  resulted  in  the  production  of  preliminary  maps  of  specific 
topographic  value.    Among  these  were  surveys  by  King,  Powell,  Hayden 
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and  Captain  "V^Tieeler  of  the  Army.  Tliese  surveys  represent  little 
more  than  the  mountain  ranges,  mountain  j)asses,  principal  streams 
and  valleys,  but  omit  so  many  details  of  these  features  in  the  general- 
ization that  was  resorted  to,  that  the  value  of  the  work  falls  below  the 
standard  that  should  be  attained  in  topographic  surveys  designed  to 
subserve  general  purposes. 

Incidental  to  work  in  the  Interior,  the  ojjerations  of  the  Mississippi 
River  Commission,  established  in  1876,  and  subsequently  the  JMissouri 
Eiver  Commission,  may  be  mentioned  as  furnishing  a  basis  for  further 
developments  in  the  valleys  of  these  great  rivers.  The  courses  of  the 
streams  have  been  triangulated,  and  a  strip  of  topography  obtained 
along  either  bank  of  the  Mississippi  River,  representing  the  features  in 
great  detail.  Similar  work  has  been  conducted  on  the  Missouri  River, 
but  not  with  the  same  care  in  reference  to  details. 

The  Geological  Survey,  established  in  1878,  has  extended  its  tojao- 
grajihic  work  to  nearly  every  section  of  the  Union.  In  the  Territories 
and  Western  States  the  omission  of  details  of  the  natural  features 
subjects  the  result,  in  a  measure,  to  the  criticism  applied  to  the  inde- 
pendent stirveys  that  preceded  it  in  the  same  regions.  In  the  Eastern 
States,  especially  in  those  surveys  conducted  in  co-operation  with  the 
State  governments,  there  is  a  much  fuller  representation  of  both  the 
natural  and  artificial  details;  the  detail  is  more  complete  also  in  those 
States  where  the  land  has  been  subdivided  by  the  Land  Office;  but 
under  the  general  rules  adopted  by  this  bureau  to  omit  all  artificial 
features  not  clearly  of  a  public  character,  and  all  wood  outlines,  there 
are  many  details  of  value  to  settled  communities  that  are  not  repre- 
sented. 

This  brief  review  of  the  topographic  work  in  Euroj)e  and  the  United 
States  leads  us  to  consider  what  is  yet  to  be  accomplished  in  our  own 
country,  to  supply  us  with  general  topographic  maps  that  shall  be  of 
the  greatest  value.  Heretofore  our  surveys  in  the  Interior  have  been 
executed  without  a  standard  of  comparison.  The  general  scheme  of 
the  work  has,  perhaps,  been  prescribed  to  the  surveyor,  and  in  some  in- 
stances the  character  of  the  details  that  he  should  represent  or  omit;  but 
the  selection  of  the  details  and  the  relative  accuracy  of  their  represent- 
ation has  generally  been  left  to  so  large  an  extent  with  the  individual 
on  the  ground,  that  we  frequently  find  incongruities,  and  are  greatly 
misled  in  interpreting  the  maps.     To  secure  the  production  of  uniform 
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•work  from  many  hands,  it  is  essential  that  there  should  be  a  criterion  to 
gauge  the  sufficiency  of  the  surveys.  A  criterion  has  been  formulated 
by  a  conference  of  topographers  that  assembled  about  a  year  ago  at 
the  Coast  and  Geodetic  Survey  Office  in  Washington  by  direction  of 
the  Superintendent  of  that  Bureau,  to  define  certain  matters  relating  to 
topography  falling  under  his  own  sui^ervision.  In  the  investigation 
of  these  subjects,  the  inquiries  that  were  made  included  the  work  of 
European  governments  as  well  as  that  of  our  own  Government.  The 
material  collected  furnished  data  that  suggested  the  propriety  of  for- 
mulating rules  to  govern  the  representation  of  the  details  of  a  region 
on  a  specified  scale.  While  it  is  not  the  expectation  that  these  rules 
will  meet  with  universal  approbation,  it  is  believed  they  will  indicate 
the  requirements  desirable  to  produce  uniform  work,  and  will  lead  to 
a  consideration  and  discussion  of  the  questions  involved  that  will 
ultimately  result  in  the  adoption  of  a  criterion  that  will  be  acceptable 
to  all. 

The  problem  presented  some  peculiar  conditions  arising  from  the 
general  and  specific  purposes  the  surveys  would  be  called  upon  to  sup- 
ply. There  has  been  contemplated  since  the  organization  of  the 
Coast  Survey  the  probable  extension  of  its  topograjjhic  work,  to  such 
distance  from  the  coast  as  would  meet  the  general  purposes  for  military 
defence.  The  execution  of  topographic  work  with  this  sijecific  object 
in  view,  as  well  as  the  details  requisite  for  purposes  of  navigation, 
necessitated  the  division  of  the  detailed  rules  prescribed  into  two  divi- 
sions: first,  relating  to  the  coast,  and  second,  to  the  interior.  The 
coast  topography,  embracing  only  a  narrow  strip  along  the  shore,  has 
heretofore  been  executed  with  a  care  that  presented  every  detail  that 
could  possibly  be  required  for  the  double  purj^oses  of  navigation  and 
public  defence.  As  the  work  shall  progress  from  the  coasts,  it  is  be- 
lieved that  much  of  this  detail  can  be  omitted  without  any  serious 
detriment,  and,  in  view  of  the  decreased  scale  that  can  be  used,  may 
even  prove  to  be  advantageous.  As  the  coast  division  refers  to  work 
to  be  executed  for  specific  purposes,  reference  will  be  made  to  the  rules 
for  general  topograjshy  of  the  Interior  only. 

All  topograj^hic  work  is  to  be  based  upon  a  comjjuted  triangulation. 
Experience  has  demonstrated  this  to  be  essential  for  preserving  dis- 
tances and  directions  over  extended  areas;  small  areas  may  be  covered 
with  graphic  triangulation  or  filled  in  by  direct  measurements  and  be 
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proj)erly  checked  by  the  computed  triangulation  surrounding  them. 
All  natural  features  will  be  delineated  with  greater  or  less  accuracy 
dejjending  upon  their  importance  in  the  type,  and  a  selection  is  made 
from  the  artificial  features  governed  by  their  character  and  promi- 
nence; thus  all  roads  that  are  open  to  the  public,  or  that  are  used  as  high- 
ways, and  all  buildings  that  are  on  prominent  locations  will  be  indicated; 
while  private  farm  roads,  temporary  wood  trails,  and,  generally,  fences 
will  be  omitted.  The  surveys  should  be  made  on  a  scale  of  1: 30000  with 
the  exception  of  mountain  types  and  flat  areas  with  little  natural  detail, 
for  which  1 :40000  is  recommended.  The  Conference  was  strongly  of 
the  opinion  that  1 :40000  scale  was  the  smallest  on  which  a  reliable 
representation  could  be  made  under  the  rules  that  were  formulated. 

In  considering  types  for  the  interior  work,  New  England  was  selected 
as  representing  the  greatest  variety  of  natural  and  artificial  detail. 
Bules  for  this  type  were  prejDared,  and  were  taken  as  a  basis  for  all 
other  types,  receiving  such  addition  or  modification  as  was  found 
desirable.  Passing  over  New  England,  a  second  type  was  found  in  the 
Allegheny  Mountains,  and  other  forms  in  the  great  Atlantic  Coastal 
Plain,  the  Prairie  Lands  of  the  Central  States,  the  Great  Plains  of  the 
West,  the  Plateau  Eegion  of  Kentucky  and  Tennessee,  the  Kocky 
Mountains  and  southern  part  of  the  Sierra  Nevada,  and  finally  the 
densely  wooded  Sierra  Nevada  of  the  North.  These  types  of  country 
have  been  designated  by  proper  names,  and  rules  formulated  to  govern 
the  detailed  representation  of  each.  There  is  no  feature,  either 
natural  or  artificial,  that  can  be  fairly  claimed  to  be  common  to  all 
these  types  of  country,  and  yet  there  are  many  features  that  are  com- 
mon to  several  of  them.  This  distribution  of  the  details  that  require 
representation  renders  it  quite  evident  that  no  universal  rules  can  be 
prescribed,  and  that  a  criterion  to  judge  the  sulficiency  of  any  one  type 
would  probably  be  unsuitable  to  judge  any  other  type.  Additional 
complications  will  arise  where  two  or  more  types  are  found  in  the  same 
region  ;  there  may,  therefore,  occur  a  question  where  dividing  lines 
are  to  be  understood  in  representing  two  types  on  the  same  survey ; 
but  such  questions  seem  unavoidable. 

The  instrumental  methods  to  be  employed  on  the  surveys  are  also 
important  factors.  The  Conference  indicated  its  preference  in  methods 
for  the  different  types  ;  but  methods  must  necessarily  be  modified  by 
special  conditions  that  may  control  at  the  time,  and  the  ability  and 
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training  of  the  surveyor  wlio  may  be  engaged  to  perform  the  work  in 
the  field. 

The  natural  features  that  it  is  desirable  to  represent  on  a  general 
topographic  survey  may  be  classified  as  hills,  valleys,  plains,  water- 
courses and  woods  ;  and  the  artificial  features  as  roads,  water-ways, 
settlements  and  domiciles.  These  classes  may  be  further  subdivided 
in  ways  that  will  naturally  suggest  themselves.  The  rules  to  govern 
the  selection  and  location  of  these  features  constitute  the  criterion. 
There  is  no  rule  that  can  be  applied  rigidly  to  all  tyjaes  ;  but  the 
principles  involved  in  the  rules  are  nevertheless  of  general  application. 
The  roads  and  water-courses  usually  form  a  framework  on  which  to 
represent  the  other  details  of  the  survey.  They  may  be  treated  under 
a  general  rule  requiring  a  close  approximation  in  their  location,  but 
permitting  considerable  latitude  in  less  important  localities.  Gen- 
erally, crossroads  are  to  be  shown  in  their  true  position,  and  no  part 
of  a  public  highway  will  be  more  than  its  width  out  of  its  true  posi- 
tion. With  less  important  roads,  like  those  through  forests,  or  by- 
roads, a  larger  error  may  be  permitted — perhaps  50  or  100  meters 
in  some  instances.  With  the  water-courses,  the  general  system  to  be 
applied  is  greataccuracy  where  the  streams  join,  and  increasing  latitude 
as  the  importance  of  the  streams  decreases.  In  some  instances,  the 
width  of  the  stream  may  be  increased  or  diminished  by  small  quanti- 
ties, and  for  unimportant  brooks  passing  through  woodlands  the  gen- 
eral direction  only  is  to  be  maintained,  sinuosities  of  the  brook  being 
entirely  ignored.  A  similar  brook,  however,  passing  through  open 
land,  requires  that  its  course  should  be  more  closely  delineated. 
Cities,  large  towns  and  compact  ^^llages  are  to  be  represented  in  a 
conventional  manner,  the  streets  to  conform  as  nearly  as  practicable  to 
the  true  ijlans.  This  preservation  of  the  plan  is  the  more  important  in 
straggling  villages  where  a  difference  from  the  true  plan  ig  liable  to 
mislead.  The  houses  of  a  settlement  are  of  so  little  value  as  a  feature 
that  they  are  entirely  neglected  ;  but  in  the  open  country  houses  fre- 
quently become  landmarks,  and  it  is  therefore  provided  that  the  most 
prominent  domiciles  and  even  barns,  when  isolated,  should  be  rejjre- 
sented  with  the  accuracy  required  for  other  fixed  points.  In  a  group 
of  domiciles,  however,  or  when  situated  in  localities  where  they  do  not 
attract  great  attention,  their  precise  determination  is  of  so  much  less 
importance  that  the  greatest  accuracy  is  not  required  ;  the  location  of 


OGDEN  ON  TOPOGRAPHIC  SURVEYS.  71 

a  house,  bam,  or  otlier  structure  in  a  forest  is  desirable,  as  buildings 
in  such  locations  indicate  definite  measures  of  distance  and  identify 
localities  ;  if  near  a  road,  they  are  to  be  represented  in  connection  with 
the  road,  and  would  be  governed  by  the  same  rule  of  precision  as  the 
road.  Water- ways  constructed  by  man  follow  the  general  rule  for  the 
location  of  the  roadways.  They  are  of  great  importance  in  some 
regions,  especially  where  agriculture  is  maintained  by  irrigation, 
where  they  have  been  constructed  for  the  supply  of  water  for  large 
cities  or  intercommunication  between  definite  points. 

The  relief  of  the  topography  bears  directly  upon  all  these  details. 
In  modern  practice  the  hills  and  valleys  are  delineated  by  lines  repre- 
senting ijlanes  of  elevation,  called  contours  or  curves  of  elevation,  a 
uniform  height  being  interposed  between  each  plane.  This  system 
presents  the  most  valuable  data,  but  may  frequently  lack  force  of 
expression.  The  alternative  system  of  hachures,  or  the  rei^resentation 
of  grades  by  lines  of  shading  from  vertical,  or  in  some  instances  ob- 
lique light,  gives  a  more  striking  expression  on  a  small  scale,  but 
utterly  fails  to  furnish  the  valuable  data  that  may  be  derive  1  from 
contours.  There  are  many  accidents  of  Nature,  however,  that  would 
not  receive  attention  in  any  system  of  contours  it  is  feasible  to  extend 
over  a  large  area;  these  the  criterion  provides  for  in  a  combination  of 
the  two  systems.  The  general  elevation  and  form  to  be  shown  by  the 
contours,  and  the  intermediate  features  of  sufficient  importance  to 
require  expression  that  the  contours  would  not  include,  to  be  added 
in  hachures.  The  necessity  for  this  may  be  exemplified  in  the  repre- 
sentation of  any  mountainous  region,  with  a  contour  interval  of  100  ft. , 
or,  as  may  in  some  cases  occur,  150  ft. ,  where  the  general  slope,  without 
any  attention  to  minor  details  or  breaks  of  the  ground,  would  be 
shown  by  a  gradual  rise,  practicable  for  the  ordinary  means  of  loco- 
motion ;  but  between  these  intervals  there  may  occur  precipices,  ledges, 
gullies  and  other  features  that  would  make  a  passage-way  most  diffi- 
cult if  not  imi^racticable.  These  features  would  be  rej)resented  by 
hachures  on  the  contours,  and  give  an  expression  to  the  difficulties  of 
the  ground  that  will  rarely  be  misunderstood. 

For  the  New  England  States,  and,  in  general,  through  rolling 
country,  the  contour  interval  of  20  ft.  has  been  found  to  give  great 
satisfaction,  and  rarely  fails  to  represent  the  essential  details  of  the 
natural  features.     This  interval  has,  therefore,  been  recommended  for 
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the  New  England  type,  and  is  taken  as  a  unit,  so  far  as  practicable,  for 
all  otlier  types. 

The  heights  of  the  hills  are  to  be  given  within  5  ft.  of  the  true 
elevation,  and,  in  general,  the  crests  and  floors  of  the  valleys  are  to 
be  represented  quite  as  closely.  The  curves,  showing  the  slope,  can 
be  sketched  with  greater  freedom,  but  should  not  be  in  error 
more  than  the  curve  interval.  Auxiliary  curves  may  be  used  to 
form  marked  features  falling  between  the  prescribed  contours;  but 
"when  such  features  can  be  delineated  by  a  slight  deflection  of  the 
regular  curve  of  not  more  than  5  or  6  ft. ,  it  is  desirable  to  represent 
them  by  this  means,  rather  than  by  the  intro  luction  of  auxiliaries. 
In  mountainous  regions,  the  rules  give  still  greater  latitude,  the  rep- 
resentation being  governed,  as  before,  by  the  curve  interval,  but 
the  interval  being  five  or  six  times  as  great.  It  is  not  contemplated, 
however,  that  these  great  intervals  shall  be  carried  over  the  foothills 
and  rolling  country  at  the  base  of  mountain  ranges,  as  they  would 
fail  to  give  that  minute  description  of  the  smaller  features  that  is 
desirable. 

It  is  evident  that  with  the  relief  represented  in  this  degree  of  detail, 
the  grades  of  the  natural  water-courses  and  the  elevations  of  small 
lakes  and  ponds  would  be  fairly  well  determined;  the  natural  basins 
would  also  be  delineated  with  an  accuracy  that  would  permit  a  close 
computation  of  their  capacity,  and  it  would  only  be  necessary  to  gauge 
the  streams  to  determine  very  closely  the  water-power  available  for 
industrial  purposes  and  for  the  sui^ply  of  cities  and  towns. 

The  wood  outlines  were  conceived  to  be  a  feature  that  required 
representation,  though  not  with  such  accuracy  as  fixed  features;  the 
outlines  are  subject  to  change,  especially  in  newly  settled  regions;  but 
in  the  older  districts  the  liability  to  change  is  not  nearly  so  great,  and 
in  general  the  wood  areas  represent  in  these  districts  the  principal 
localities  that  are  not  so  available  for  agricultural  purjioses.  Again, 
in  the  western  country,  where  large  tracts  are  almost  destitute  of  trees, 
the  representation  of  the  growth  that  is  found  is  of  great  importance, 
perhaps  as  indicating  the  presence  of  water,  or  as  forming  a  prominent 
landmark.  Instances  of  this  kind  would  naturally  be  represented  quite 
closely  in  their  true  position  and  extent;  but  in  regions  where  wooded 
growth  is  common,  an  outline  true  within  50  or  100  m.  would  be  con- 
sidered sufficiently  precise. 
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Topographic  maps,  made  on  tlie  principles  laid  down  by  the  Con- 
ference, would  probably  subserve  all  general  purj^oses.  The  practi- 
cability of  completing  such  a  survey  within  a  reasonable  period,  and 
at  a  reasonable  cost,  will,  doubtless,  be  raised  as  an  objection  to  any 
such  i^roject.  The  time  required  would  very  largely  depend  upon  the 
sum  of  money  that  would  be  available  for  its  jarosecution.  With  an 
unlimited  supply  it  might  be  possible  to  train  a  sufficient  number  of 
surveyors  to  complete  the  whole  area  of  the  United  States  within  a 
generation;  but  it  is  not  probable  that  such  haste  will  ever  be  neces- 
sary. Maps  of  this  character,  however,  would  be  found  so  valuable  in 
economic  questions  that  all  work  executed  for  general  topographic 
purposes  should  be  gauged  by  a  standard  at  least  as  rigoroiis. 

It  is  exceedingly  difficult  to  determine  the  cost  of  work  that  is  the 
continuation  of  surveys  that  have  been  in  operation  for  many  years. 
There  is  always  a  tendency  to  improve — to  take  in  some  new  feature  or 
omit  some  feature  that  has  heretofore  been  represented — and  these 
changes  may  increase  or  diminish  the  cost  to  such  a  degree  that  the 
average  results  for  long  jjeriods  become  totally  unreliable.  Moreover, 
the  same  character  of  work  executed  by  different  men  will  present 
different  rates  according  to  the  capacity  and  experience  of  the  in- 
dividuals. Captain  Wheeler,  in  his  admirable  report  on  Government 
Surveys,  ascertained  the  approximate  cost  j)er  square  mile  of  the  prin- 
cipal surveys  of  the  world.  He  states  his  experience  in  endeavoring 
to  secure  data  of  this  kind,  and  expresses  the  opinion  that  his  results 
must  be  considered  merely  as  estimates,  though  probably  the  best  that 
can  be  prepared.     Some  of  these  estimates  are  very  interesting. 

The  average  cost  of  the  Ordnance  Survey  of  Great  Britain  up  to 
1881  is  estimated  at  ^186  per  square  mile;  but  it  was  thought  that  the 
surveys  on  the  scale  of  1:2500  when  completed  would  exceed  these 
figures,  and  probably  reach  about  ^244  per  square  mile.  In  the  Ger- 
man Empire,  on  a  scale  of  1 :25000,  the  work  has  cost  about  $79  j)er 
square  mile;  and  in  Austria  work  on  the  same  scale  of  1:25000,  including 
the  office  operations,  has  been  estimated  to  cost  about  $400  per  square 
mile.  The  cost  of  revising  work  in  Holland,  on  the  scale  of  1 :25000,  is 
put  down  at  $16.50.  In  India,  the  work  on  a  scale  of  1  in.  to  the  mile, 
taking  the  average  for  10  years,  cost  $11  per  square  mile;  the  work  on 
2  ins.  to  the  mile  was  $26,  and  on  6  ins.  to  the  mile,  $400  per  square 
mile,  without  the  cost  of  printed  maps.     The  survey  of  Bombay,  on 
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very  large  scales,  as  before  noted,  cost  $7  040  per  square  mile.  There 
is  probably  more  confusion  in  these  figures  than  appears  on  the  sur- 
face, as  questions  relating  to  services  are  not  clearly  stated,  such  as  the 
pay  of  officers  in  the  regular  employ  of  the  different  governments; 
services  rendered  by  detachments  from  the  military  forces;  incidental 
office  expenses,  and  items  of  that  character.  These  figures  indicate, 
however,  that  the  best  exijerience  of  European  governments  requires 
an  exi)enditure  considerably  larger  than  it  has  ever  been  thought  pru- 
dent to  expend  upon  any  of  the  interior  work  of  our  own  country. 
Probably  the  greatest  cost  i^er  square  mile  of  tojjographic  work  in  the 
United  States,  aside  from  the  surveys  on  the  coasts  and  Great  Lakes, 
and  other  specific  surveys  of  a  like  character,  has  been  made  by  the 
U.  S.  Geological  Survey  in  the  work  undertaken  by  that  Bureau  in 
connection  with  the  State  governments ;  and  as  the  accounts  have  been 
kept  separate  from  other  expenses,  they  differ  from  the  usual  state- 
ments relating  to  cost,  and  furnish  reliable  data  for  work  of  this  char- 
acter. The  average  cost  in  Massachusetts  was  $13  per  square  mile;  in 
Connecticut,  $9.80;  and  in  Rhode  Island,  $9.  These  surveys  were 
made  on  a  scale  of  1:30000,  which  presents  very  generally  the  same 
facilities  for  representation  as  the  general  European  scale  of  1 :25000. 
Other  topographic  surveys  by  the  Geological  Survey  of  the  same  class 
of  work,  especially  in  the  west,  owing  to  the  type  of  country  and 
facilities  afforded  by  the  marks  of  the  Land  Survey,  cost  very  much 
less  than  these  figures  and  the  estimate  for  the  average  cost  of  work 
throughout  the  whole  of  the  United  States,  without  Alaska,  does  not 
exceed  $4  or  $5  per  square  mile. 

The  topographic  work  of  the  Mississippi  River  Commission  is  move 
closely  allied  with  the  detailed  surveys  recommended  for  the  Interior. 
The  cost  of  this  work  per  square  mile  is  therefore  a  nearer  approxi- 
mation of  what  would  be  the  probable  cost  of  detailed  topograj^hy. 
The  report  of  the  Commission  specifies  an  area  of  819  square  miles  sur- 
veyed, 182  square  miles  of  which,  however,  was  hydrographic  work  of 
the  Mississijipi  River,  at  an  average  cost  of  $48  jser  square  mile.  Also 
that  1  135  square  miles  previously  surveyed  cost  $57  per  square  mile. 
It  is  not  clear  whether  the  latter  item  includes  any  hydrographic  work 
or  not.  The  topography  of  the  Coast  Survey  and  the  Survey  of  the 
Great  Lakes  was  made  on  so  large  a  scale  and  involved  intricate  details 
of  shore  line  and  other  coast  features  not  found  in  the  Interior,  that  so 
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greatlr  enhance  tlie  cost  that  they  cannot  be  directly  compared  with 
any  other  surveys  in  this  country.  General  Comstock  rej^orted  that 
the  average  cost  per  square  mile  on  the  survey  of  the  Great  Lakes  was 
$151.  This  probably  includes  office  expenses  and  many  incidentals 
that  would  not  appear  in  ordinary  field  accounts. 

Several  attempts  have  been  made  to  ascertain  the  cost  of  topo- 
graphic work  on  the  Coast  Survey,  but  it  is  so  frequently  involved 
with  expenditures  for  triangulation  and  hydrography  that  it  is 
exceedingly  difficult  to  compute  an  average  for  any  lengthy  period  of 
time.  A  late  Superintendent  pronounced  the  survey  of  Mount  Desert 
Island  to  have  been  among  the  most  costly;  yet  the  expense  for  the 
toi:)Ogi'aphy  he  stated  was  only  .^97  per  square  mile.  There  are,  be- 
sides, many  instances  that  could  be  cited  Avhere  the  cost  ranged  from 
$60  to  S75  per  square  mile  for  work  on  the  New  England  coast,  and 
310  to  815  on  the  southern  coasts.  Referring,  then,  to  the  operations 
under  European  governments  and  under  our  own,  exclusive  of  work 
on  the  coasts  and  Great  Lakes,  it  seems  quite  probable  that  the  survey 
of  the  whole  United  States  could  be  conducted  on  scales  of  1 :30000  and 
1:40000,  giving  the  detail  that  has  been  outlined,  and  with  the  accuracy 
that  is  called  for  by  the  rules  recommended  by  the  Conference,  at  an 
average  cost  of  from  .$35  to  $45  per  square  mile  for  the  most  difficult 
and  detailed  parts  of  the  work. 

The  topographic  work  that  has  heretofore  been  conducted  by  Gov- 
ernment Bureaus,  either  abroad  or  at  home,  has  shown  a  tendency  to 
improve  as  the  work  progressed.  The  persons  in  charge  of  surv^eys  of 
this  character  are  naturally  ambitious  to  increase  the  value  of  the 
work  under  their  direction  and  introduce  new  features  suggested  by 
their  own  experience  and  the  experience  of  those  working  under  them, 
and  by  the  criticisms  of  those  who  make  use  of  the  publications. 
Changes  arising  from  these  sources  frequently  involve  the  mode  of  repre- 
sentation, the  scale  of  publication,  and  even  the  scale  on  which  the 
original  surveys  are  to  be  made,  and  sometimes  have  necessitated  radical 
changes  in  the  methods  of  making  the  surveys.  In  Europe  cadastral 
surveys  have  been  improved  upon  to  produce  topographic  surveys; 
small  scale  work  has  been  abandoned  for  larger  scale  work,  and  the 
general  tendency  has  been  to  present  all  detail  with  greater  accuracy 
than  was  originally  contemplated.  New  instruments  have  been  de- 
vised in  the  hope  of  accomplishing  this  without  unduly  increasing  the 
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cost.  Improvements  of  a  like  character  have  been  made  in  the  United 
States;  the  early  explorations  and  geograjjhic  surveys  of  the -vvesteni 
territories  have  been  superseded  by  an  organized  tojjographic  survey, 
•which,  in  turn,  has  developed  its  methods,  to  delineate  more  closely 
the  features  represented,  even  enlarging  the  scale  for  some  types  that 
experience  has  demonstrated  required  a  larger  scale  to  bring  out 
greater  detail  of  the  features. 

The  improvements  that  have  been  made  in  the  topographic  work 
of  the  Coast  Survey  probably  exhibit  the  development  of  such  work 
more  clearly  than  will  be  found  in  any  bureau  of  the  Government 
service.  The  history  of  the  development  of  our  methods  is  interesting 
and  has  not  heretofore  been  published. 

At  the  practical  beginning  of  our  work  in  1832,  we  had  as  a  guide 
only  the  experience  of  a  few  men  who  had  practiced  topographic  sur- 
veying in  the  Old  World,  and  reliance  seems  to  have  been  jalaced 
without  question  on  the  sufficiency  of  the  methods  they  introduced. 
Their  methods  were  continued  in  the  actual  work  of  the  survey  for 
some  10  or  12  years  when  suggestions  from  a  young  officer  produced 
the  first  change,  which  has  led  by  gradual  steps  to  the  perfection 
that  has  now  been  attained.  The  plane-table  has  always  been  used  on 
the  Coast  Survey  in  the  topographic  surveys,  but  the  knowledge  of 
the  best  methods  of  utilizing  the  instrument  was  so  imperfect  that 
the  surveys  did  not  acquire  a  high  standard.  The  instrument  was  used 
principally  as  a  substitute  for  the  surveyor's  compass  ;  the  advantages 
to  be  derived  from  using  it  as  a  triangulation  instrument  to  interpolate 
graphically  subsidiary  stations  from  a  computed  triangulation  having 
been  at  first  almost  entirely  ignored.  The  delineation  of  the  topo- 
graphic features  resulting  from  these  imperfect  methods  was  neces- 
rarily  defective  ;  the  hills  were  represented  by  hachures  sketched  with 
the  greatest  freedom  ;  the  shore  line  presented  only  the  most  salient 
points  with  any  great  degree  of  accuracy,  the  bights  and  coves  being 
sketched  with  almost  the  freedom  of  the  hill  work.  The  artificial 
features  were  proportionally  defective  and  sometimes  aggravated  by  a 
system  of  representing  the  cleared  lands  suitable  for  agriculture,  by  a 
confusion  that  drew  imaginary  fences  over  the  whole  area.  The  first 
great  improvement  was  in  the  method  of  using  the  plane-table.  The 
theory  of  the  instrument  was,  of  course,  well  understood  ;  but  the 
practice  had  evidently  been  greatly  neglected.     The  three-point  jirob- 
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lem,  as  it  is  called,  or  the  graphic  method  of  finding  a  position  from 
three  other  determined  positions,  was  brought  forward  and  utilized  in 
securing  more  accurate  determinations  of  the  sketching  stations.  The 
second  step  was  a  more  precise  delineation  of  the  form  of  the  hills,  or 
the  relief  of  the  topograj^hy,  which  was  soon  followed  by  an  effort  to 
give  absolute  elevations  as  well  as  forms.  Some  of  the  young  toiJog- 
raphers,  in  following  the  old  system  of  representing  the  hills  by 
hachures,  had  found  it  convenient  to  first  shape  the  hills  with  parallel 
lines,  or  contours  as  they  were  then  called,  though  not  rei^resenting 
planes  of  elevation  as  our  curves  do  in  the  present  day.  By  means  of 
these  contours  they  easily  saved  the  time  consumed  in  the  field  in 
drawing  the  hachures,  relegating  the  labor  of  hachure-drawing  to  the 
oflSce  after  the  eomi^letion  of  the  field  work.  It  was  only  a  stei?  from 
contours  to  curves  of  equal  elevation  ;  these  were  soon  proposed  by 
one  of  the  young  topographers  who  had  been  using  contours  to  shape 
the  hills,  but,  being  an  innovation,  seems  to  have  met  with  decided 
oi3i30sition.  Permission  was  granted,  however,  for  him  to  try  his 
scheme  of  representing  the  forms  of  hills  with  lines  showing  approxi- 
mately every  20  ft.  of  elevation,  the  hachuring  that  might  be  sub- 
sequently required  in  publication  to  be  executed  by  a  draughts- 
man. At  first  the  curves  of  elevation  depended  entirely  upon  the  eye 
of  the  topographer  for  their  distance  above  water  level,  and  were 
looked  upon  as  simjaly  a  new  method  of  rej)resenting  the  forms  of  the 
hills,  or  a  substitute  for  hachures.  Up  to  this  time  the  elevation  of 
the  hills  had  not  been  ascertained  ;  the  simple  fact  that  here  there 
was  high  land,  with  the  approximate  form  and  area,  was  all  that  was 
recorded.  But  the  curves  of  elevation  were  found  to  be  so  much  more 
convenient,  and  represented  so  much  more  clearly  the  relief,  that  the 
attempt  was  soon  made  to  determine  the  elevation  by  actual  measure- 
ment, and  for  this  purpose  a  small,  vertical  arc  was  added  to  the 
alidade  of  the  plane-table.  This  addition  to  the  alidade  was  so  effective 
and  reliable  that  it  is  still  in  common  use. 

The  system  of  rejjresenting  the  relief  of  the  topography  by  curves 
of  equal  elevation  was  discussed  in  Europe  in  the  early  part  of  the 
century,  the  discussion  running  for  a  period  of  20  years,  and  with  such 
earnestness  that  it  became  known  among  topographers  as  the  "Twenty 
Years'  War  of  Hachures  and  Contours."  The  victory  seemed  to  be  for 
a  time  with  the  advocates  of  hachures;   but  the  evident  advantages 
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of  the  contour  system  finally  prevailed,  and  between  1840  and  1850  it 
was  receiving  very  general  recognition.  It  is  merely  a  coincidence  that 
about  this  time  the  same  system  was  developed  by  American  topograph- 
ers on  the  work  of  the  Coast  Survey,  and,  as  the  writer  has  every 
reason  to  believe,  without  any  knowledge  of  the  discussion  that  had 
long  continued  in  Europe. 

The  method  of  topographic  work  on  the  Coast  Survey  had  now 
reached  a  development  that  required  only  exj^erience  on  the  part  of 
the  topographers  to  produce  results  of  ample  refinement  for  the  pur- 
poses of  the  survey;  but  subsequent  demands  on  the  Bureau  for  special 
surveys,  with  the  requirement,  in  many  cases,  that  the  curves  of  eleva- 
tion should  have  the  same  relative  accuracy  as  the  artificial  features 
represented  upon  the  maps,  necessitated  a  modification  'n  he  details 
of  the  system  of  work,  and  the  introduction  of  auxiliary  instruments. 
These  were  supplied  on  large  scale  surveys,  where  this  increased  accu- 
racy in  the  relief  was  demanded,  by  running  out  each  contour  with  a 
surveyor's  level  from  established  bench  marks,  and  determining  each 
position  of  the  leveling  rod  on  the  plane-table  sheets  at  the  same  time. 
Numerous  surveys  of  small  extent  have  been  made  in  this  manner,  and 
recently  there  has  been  completed  a  topographic  survey  of  the  District 
of  Columbia,  embracing  about  60  square  miles  on  a  scale  of  400  ft.  to  the 
inch,  that  is  doubtless  as  accurate  and  thorough  a  piece  of  work  as  has 
ever  been  executed  over  such  an  extended  area  on  so  large  a  scale.  It  has 
been  severely  tested  by  the  engineers  of  the  District  Government  and 
by  civil  engineers  interested  in  the  subdivision  of  suburban  jjroperty, 
and  has  uniformly  been  accei:)ted  as  work  of  the  highest  order.  It 
represents  every  detail  upon  the  surface,  with  contours  for  every  5  ft. 
of  elevation,  reaching  a  maximum  height  of  over  400  ft.  These  con- 
tours develop  the  cuts  and  fills  in  the  roads,  gullies  and  similar  fea- 
tures with  great  accuracy. 

In  considering  questions  of  topographic  surveying,  we  must  not 
confound  the  general  survey  with  surveys  for  special  or  specific  pur- 
poses. The  general  survey  may  simi^lify  the  j^rojection  of  special 
work,  but  can  in  no  sense  sujoplant  it  excejjt  for  general  i^uri^oses.  To 
determine  the  exact  line  for  a  railroad  or  canal,  or  to  furnish  the  data 
for  computing  the  labor  of  constructing  a  dam,  and  for  other  similar 
purposes,  the  special  survey  will  always  be  required ;  but  it  is  true, 
also,  that  in  a  general  survey  the  local  conditions  and  the  most  j^rob- 
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able  uses  of  tlie  work  may  properly  receive  consideration.  In  a  region 
witli  an  abundant  water  suj^ply  we  would  naturally  omit  giving  atten- 
tion to  problems  of  irrigation  ;  wbile,  on  tbe  other  hand,  in  regions 
where  a  natural  water  supply  is  deficient,  we  would  pay  the  closest 
attention  to  the  delineation  that  would  exemi^lify  the  resources  of  the 
region  for  irrigation.  Again,  great  mountain  masses  would  be  greatly 
generalized  in  a  region  that  is  difficult  or  jjerhaps  imjjossible  of  access, 
while  the  passes,  and  the  approaches  to  the  defiles,  would  receive  such 
careful  attention  that  their  availability  as  routes  of  communication 
would  be  thoroughly  portrayed. 

The  most  advisable  form  for  the  publication  of  a  topographic  sur- 
vey should  depend  upon  the  character  of  the  survey  and  the  special 
purposes  the  publication  is  intended  to  subserve.  The  first  condi- 
tions, therefore,  to  guarantee  publications  of  the  greatest  value  must 
be  the  faithfulness  of  the  field  work  and  its  original  representation  on 
a  sufficiently  large  scale  to  show  the  details  clearly.  A  base  map  of 
this  character  can  be  reduced  to  smaller  scales,  and  still  preserve  the 
essential  details  for  general  purposes;  can  be  copied  on  the  original 
scale;  or,  if  need  be,  enlarged  for  special  purposes,  and  can  be  general- 
ized for  geographic  purposes.  In  each  case  the  information  conveyed 
would  be  reliable,  measured  by  the  scale  and  modified  only  by  the 
faithfulness  of  the  surveys.  An  argument  is  not  needed  to  present  the 
usefulness  of  trustworthy  maps.  Few  men  engaged  in  the  active  enter- 
prises of  the  day  have  not  experienced  the  demand  for  them,  and  we 
may  safely  predict  that,  as  our  people  advance  in  prosperity,  the  de- 
mand will  come  from  the  masses.  Already  in  some  of  the  older  States 
the  demand  has  taken  form,  and  other  States  are  knocking  at  the  door. 
Such  surveys  are  essentially  national;  they  benefit  all  communities  in 
enlarging  the  horizon  and  bringing  before  the  people  knowledge  they 
can  attain  in  no  other  way;  although  it  is  true  also  that  some  parti- 
cular communities  may  gain  the  greater  benefit  for  the  time  being.  It 
may  be  right,  therefore,  that  the  expense  for  such  work  should  be 
borne  jointly  by  the  National  and  State  governments;  but  to  secure 
uniformity  it  is  essential  that  the  surveys  should  be  supervised  and  con- 
ducted by  men  trained  for  the  purpose;  that  the  exj)erience  gained  by 
the  first  who  undertake  such  work  shall  be  transmitted  to  their  suc- 
cessors by  contact  and  practice.  One  bureau  of  the  National  service 
is  now  authorized  to  co-operate  with  the  States  and  furnish  geograph- 
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ical  positions;  another  is  engaged  upon  a  topographic  survey  for  geo- 
logic j)urposes,  and  at  the  request  of  some  of  the  States  has  jointly  with 
them  improved  its  topographic  work  within  their  boundaries  to  the 
extent  the  joint  appropriations  would  permit.  But  the  results  thus 
far  produced  by  the  surveys  that  have  been  made  in  the  Interior  do 
not  meet  the  requirements  of  a  general  topographic  survey:  either  the 
work  has  not  been  supported  by  sufficient  means;  the  attempt  has 
been  made  to  accomplish  too  much  in  too  brief  a  time,  or  the  specific 
purpose  held  in  view  has  restricted  the  operations  to  an  extent  that 
prohibited  the  treatment  required  by  a  general  survey.  It  is  quite 
possible  some  of  the  older  States  will  soon  meet  with  economic  prob- 
lems that  will  force  them  to  obtain  maps  with  a  more  generous  supply 
of  information,  and  we  may  feel  assured  that,  when  the  advantages  of 
such  maps  have  once  been  demonstrated  to  our  people  by  actual  expe- 
rience, they  will  fully  appreciate  them  and  incite  a  demand  for  their 
extension.  The  day,  the  writer  believes,  is  not  far  distant,  when  we 
must  seriously  consider  the  best  means  of  conducting  topographic  sur- 
veys in  all  the  States  that  will  insure  us  the  most  valuable  results  for 
the  expenditure.  There  can  be  no  doubt  that  all  the  maps  should  be 
directly  comparable;  that  while  some  might  have  a  superior  excellence, 
there  should  be  none  that  would  fall  below  a  certain  standard.  The 
reputation  for  reliability  attained  by  the  surveys  on  the  coasts,  purely 
the  result  of  providing  by  law  the  objects  the  work  was  to  subserve 
and  the  methods  that  should  be  employed,  leads  the  writer  to  believe 
that,  to  secure  the  desired  harmony  of  results  in  all  the  States,  the 
surveys  should  be  conducted  under  rigorous  rules,  prescribed  in  a 
National  law. 
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Introductory  and  Explanatory  Bemarks. — Few  if  any  appliances  in 
the  art  of  measurement  on  the  surface  of  the  earth  are  of  higher  antiq- 
uity or  greater  utility  than  the  metallic  chain,  now  commonly  called, 
among  English-speaking  peoples,  the  surveyor's  or  Gunter's  chain. 
No  appliance  is  more  widely  or  better  known  than  it,  and  none  meets 
with  more  general  aispreciation.  The  comjiass,  a  much  later  invention, 
to  which  the  obscure  i^roperty  of  magnetism  adds  an  element  of  mys- 
tery, is  undoubtedly  an  instrument  of  more  profound  interest  to  the 
curious  and  thoughtful ;  but  the  greater  antiquity,  the  incomparable 
simplicity  and  the  more  general  usefulness  of  the  chain  entitle  it  to 
the  place  of  first  historical  importance  in  any  enumeration  of  such  ap- 


NoTE. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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pliancea.  To  tlie  surveyor  whiose  measurements  determine  tlie  metes 
and  bounds  of  proijerties,  to  the  property  owner  "who  must  depend  on 
such  measures,  and  to  the  jurist  who  decides  between  conflicting  in- 
terests, the  chain  has  long  been  and  still  is  the  most  common  unit  of 
definition  and  limitation. 

Simple  and  effective,  however,  as  the  chain  is  in  its  way,  it  fails  to 
meet  many  of  the  demands  of  the  more  refined  work  of  the  present  day. 
With  the  growth  and  consequent  complication  of  property  interests, 
there  arose  a  need  for  increased  precision  in  the  definition  of  distances. 
And  as  the  engineer  has  succeeded  the  surveyor  in  such  higher  grades 
of  work,  so  have  other  devices  taken  the  place  of  chains.  Among 
these  devices  the  most  important  as  regards  general  utility  are  metallic 
tapes  and  wires.  The  adaptability  of  tapes,  especially,  to  a  wide  range 
of  measurements  is  now  well  known.  Indeed,  their  use  has  become 
alike  indispensable  to  the  engineer,  the  architect,  and  the  artisan.  The 
superiority  of  the  tape  over  the  chain,  when  precision  is  in  question, 
is  manifest.  The  defects  due  to  the  numerous  links  and  joints  of  the 
chain  are  overcome  by  the  continuity  of  the  tape;  while  the  advantage 
of  pliability  secured  by  the  joints  of  the  former  is  met  by  the  elastic 
flexibility  of  the  latter.  Hence  the  tape  must  be  considered  the  natural 
successor  of  the  chain;  and  in  any  scale  of  relative  usefulness  and  pre- 
cision the  tape,  as  ordinarily  used,  must  rank  next  above  the  chain.* 

In  many,  if  not  most,  of  the  applications  of  linear  measures  it  suf- 
fices to  ignore  the  effect  of  heat  in  changing  the  lengths  of  our  stand- 
ards. When  we  take  this  effect  into  account,  however,  the  order  of 
precision  attainable  is  greatly  increased.  This  fact  has  long  been 
adequately  recognized  with  reference  to  bars  used  as  standards  of 
lengths;  but  that  the  same  heat-effect  constitutes  the  i^rincii^al  factor 
of  length  change  in  metallic  tapes  and  wires  seems  to  have  been  rather 
tardily  appreciated;  for,  although  the  art  of  wire-dra-ning  dates  from  the 
latter  part  of  the  fifteenth  century,  the  art  of  using  a  wire  or  tape  in  meas- 
ures of  precision  is  hardly  more  than  two  decades  old.  Within  this 
latter  period  many  persons  have  indei3endently  entertained  the  idea  of 
using  long  tapes  and  wires  for  the  more  refined  work  of  geography  and 
geodesy.  The  credit  of  calling  distinctive  attention  to  the  availability 
of   tapes  and  wires  in   such  work  appears  to  belong  to  Prof.    Edv. 

*  It  appears  that  metallic  tapes  were  invented  and  introduced  by  J.  C.  Chesterman,  to 
whom  Letters  Patent  were  granted  by  the  English  Government  in  1842.  He  had  previously 
patented  measuring  tapes  made  of  cloth  or  other  fabrics  in  1829. 
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Jiiderin,  of  Stockholm.  His  researches  began  in  1878,  and  his  memoir,* 
published  in  1885,  in  which  he  gives  a  full  account  of  the  theory  and 
results  of  his  measures,  has  been  an  important  guide  to  subsequent  in- 
vestigations. The  essential  fact  developed  by  Jaderin,  and  the  fact  on 
which  attention  should  be  concentrated  in  considering  this  subject,  is 
that  the  temperature  of  the  tape  or  wire  is  the  most  important  factor 
in  determining  its  length.  When  this  fact  is  recognized,  it  becomes 
evident  that  if  means  can  be  devised  for  getting  that  temperature,  the 
tape  combines  the  advantages  of  great  length  and  simplicity  of  manip- 
ulation of  the  chain,  along  with  the  precision  of  the  shorter  or  labo- 
ratory standards. 

It  is  the  object  of  this  paper  to  give  a  brief  account  of  the  recent  ex- 
perience of  the  writer  in  the  use  of  long  tapes  for  measuring  base  lines 
in  the  primary  triangulation  of  the  U.  S.  Coast  and  Geodetic  Survey; 
to  explain  the  processes  developed  in  this  work,  and  to  give  such 
results  as  will  enable  the  reader  to  judge  of  the  merits  of  the  method 
for  geodetic  work. 

The  investigation  of  the  practicability  of  using  long  metallic  tapes 
for  measuring  lines  of  precision  was  taken  up  by  the  Coast  and  Geodetic 
Survey  in  the  autumn  of  1890.  This  work  was  assigned  to  the  writer, 
who  conducted  the  preliminary  experiments  and  devised  the  apparatus 
described  herein.  In  all  of  this  work  very  efficient  assistance  was  ren- 
dered by  Mr.  J.  S.  Siebert,  who  made  most  of  the  working  drawings  for 
the  construction  of  the  apparatus  and  participated  equally  in  the  large 
amount  of  observation  and  computation  entailed. 

Steel  tapes  100'"  long  were  used  during  the  siimmer  and  autumn 
of  1891  to  measure  the  Holton  Base,  Ind.,  a  line  in  the  Transcon- 
tinental chain  of  primary  triangulation.  The  five  sections  of  this  base 
(of  5  500")  were  measured  from  6  to  30  times  each,  under  various 
circumstances  as  to  temperature,  time  of  day,  etc.  In  the  following 
year,  viz.,  October,  1892,  another  base  (of  3  900'")  at  St.  Albans, 
West  Va.,  in  the  same  chain  of  triangulation  was  measured.  The 
results  for  this  latter  base  are  given  below. 

Mercurial  thermometers  were  used  in  all  these  measures  to  deter- 
mine the  temperature  of  the  tape.  An  attempt  was  made  in  1891  to 
use  a  bronze  tape  in  connection  with  the  steel  one  for  temperature  in- 

*  Geodatische  Liingenmessung  mit  Stahlbaadern  und  Metalldrahten.  Von  Edv.  Jaderin. 
8vo,  57  pp.,  2  plates.    Stockholm,  1885. 
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dications;  but  the  bronze  tape  was  found  to  have  too  low  a  rate  of  ex- 
pansion for  successful  competition  with  the  mercurial  thermometers. 
The  feasibility  of  stretching  two  tapes  simultaneously  was  demonstrated, 
however,  and  if  a  suitable  metal  for  use  with  steel  can  be  found  it  may 
prove  advantageous  to  discard  the  mercurial  thermometers. 

During  the  winter  of  1890  and  1891  a  great  number  of  experiments 
were  made  with  a  view  to  determine  the  best  method  of  stretching  and 
aligning  a  tape,  and  especially  with  a  view  to  discover  the  most  eflfec- 
tive  way  of  getting  the  tape's  temperature.  For  this  purpose  a  100"" 
comparator  was  set  up  in  the  Botanical  Garden  at  Washington,  D.  C. 
This  comparator  consisted  simply  of  a  series  of  equi-distant  stakes, 
10™  apart,  bearing  support  nails  for  the  tape,  and  a  post  at  either 
end  on  which  were  attached  scales  for  defining  the  tape's  position  at 
any  time.  These  preliminary  experiments  served  to  fix  attention  on 
most  of  the  points  essential  to  the  use  of  tapes  in  precise  measures. 

Desceeption  of  Appakatus  and  Methods  of  Use. 

The  100""  Topes.— These  tapes  are  of  steel.  They  are  101. 01""  long, 
and  are  6.34""™  x  0.47"""  in  cross-section.  They  weigh  22.3  gr. 
per  meter  of  length.  They  are  subdivided  into  20'"  spaces  by  grad- 
uations ruled  on  the  surface  of  the  tape  itself.  Being  101.01™  long, 
the  end  graduations  fall  about  0.5'"  from  the  tape  ends,  which  termi- 
nate in  loops  formed  by  annealing  and  riveting  the  tape  back  on  itself. 
The  surface  of  the  tape,  where  it  is  not  polished  to  receive  the  gradua- 
tions, is  of  a  dull  black  color.  When  not  in  use  the  tapes  are  rolled  up 
on  reels,  and  they  may  be  thus  transported  with  ease  and  safety. 

The  Tape-Stretchera. — The  nature  of  the  tape-stretchers  used  to  give 
tension  and  alignment  to  the  tape  may  be  best  understood  by  a  glance 
at  the  accompanying  cut.  They  consist  of  a  lever  hinged  by  a  univer- 
sal joint  to  a  platform  on  which  the  operator  stands.  This  lever  is 
made  of  a  piece  of  steel  tubing  terminating  in  a  hickory  handle.  Along 
the  upper  two-thirds  of  the  tube  is  cut  a  screw-thread  on  which  a 
wheel-nut  plays  freely.  This  nut  gives  a  vertical  motion  to  a  gimbal- 
jointed  support  to  which  a  spring  balance  is  attached.  The  balance  is 
connected  with  the  tape  by  means  of  a  short  piece  of  sash  chain.  It  is 
evident  from  the  figure  that  the  stretcher  has  all  the  motions  neces- 
sary to  enable  the  operator  to  align  the  tape  and  to  give  it  the  proper 
tension. 
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The  balance,  wMcli  is  simply  a  commercial  article  adapted  to  the 
purpose,  reads  to  ounces,  and  may  be  easily  held  to  the  nearest  ounce 
by  the  operator. 


An  important  item  for  the  safety  of  the  tape  used  is  a  breaking  link, 
or  a  link  which  will  part  under  a  tension  of  about  14  kg.  or  30  lbs. 
A  link  of  this  sort  is  provided  at  each  end  of  the  tape,  so  that  it  cannot 
be  overstrained  by  accident. 
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It  will  be  noticed  that  tlie  balance  carries  two  hooks.  The  extra 
hook,  which  is  attached  to  the  balance  frame,  was  intended  to  carry 
the  additional  tape  in  case  it  jproved  advantageous  to  use  tapes  of  dif- 
ferent metals  simultaneously.  This  plan  of  stretching  two  tapes 
worked  very  satisfactorily,  the  tension  of  the  steel  tape  being  given  by 
one  balance,  and  that  of  the  bronze  by  the  other;  but  for  the  reason 
stated  above,  this  plan  was  followed  only  in  making  a  few  of  the  tape 
comparisons  mentioned  below.  The  extra  hook,  it  may  be  stated,  is 
provided  with  a  longitudinal  screw  motion,  so  that  by  means  of  this 
and  the  links  of  the  connecting  chains  the  tapes  may  be  always 
brought  to  the  proper  tension  whatever  their  temjjerature. 

When  a  single  tape  is  used,  the  rear  end  is  attached  to  the  extra 
hook  of  the  rear  end  balance,  while  the  desired  tension  is  given  by  the 
balance  at  the  front  end  of  the  tape. 

An  objection  to  this  form  of  stretcher  lies  in  its  weight,  which  is 
about  45  lbs.  Contemplated  improvements  will  lighten  it  by  several 
pounds  and  bring  the  balance  to  a  position  concentric  with  the  lever 
shaft.  Experience  has  shown,  however,  that  an  able-bodied  operator 
can  handle  the  stretcher  successfully  when  measuring  at  the  rate  of  2 
km.  per  hour.  During  the  measurement  of  St.  Albans  Base,  in 
1892,  8  km.  were  measured  on  one  occasion  between  7.30  p.m.  and 
midnight  without  excessive  fatigue  to  the  operators. 

TJie  Thermometers. — The  thermometers  used  are  of  the  Centigrade 
type  and  are  graduated  on  their  stems  to  half  degrees.  They  were 
made  by  Green,  of  New  York.  They  were  originally  mounted  on  brass 
scales.  The  preliminary  experiments  showed  that  the  mass  of  these 
scales  caused  the  thermometers  to  lag  very  considerably  with  respect 
to  the  tape  temperature.  Hence  the  scales  were  removed,  and  light 
wire  loops  were  attached  to  the  upper  ends  of  the  stems,  so  that  the 
thermometers  could  be  suspended  by  a  cord  and  thus  isolated  from  ad- 
jacent masses  or  whirled  in  the  air  when  necessary.  Experiments  also 
showed  these  thermometers  to  be  slightly  more  sensitive  when  the  bulbs 
were  covered  with  sheaths  of  blackened  aluminum  foil,  though  this  in- 
crease, if  real,  is  probably  unimportant.  During  the  measurement  of 
St.  Albans  Base,  in  1892,  the  aluminum  sheaths  were  replaced  by  steel 
sheaths,  made  by  coiling  and  annealing  very  thin  steel  tape  into 
lengths  just  long  enough  to  slip  over  the  bulbs  and  clasp  the  ther- 
mometer stems.     These  are  undoubtedly  superior  to  the  aluminum 
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sheaths  in  simulating  the  surface  of  the  tape,  but  they  are  of  some- 
what greater  mass  than  the  aluminum  sheaths  and  cause  more  lag  of 
the  thermometers  with  respect  to  the  tape.  In  any  case  it  seems  desir- 
able to  blacken  the  bulbs  of  thermometers  used  with  steel  tapes  pre- 
senting a  blackened  surface. 

A  great  number  of  experiments,  made  in  the  Botanical  Garden 
during  the  winter  of  1890-91,  showed  that  with  the  thermometers 
arranged  as  just  described  {i.  e.,  with  aluminum  sheaths)  they  followed 
the  tape  temperature  without  serious  lagging  when  observations  were 
made  under  a  clear  sky  at  night.  Subsequent  experience  in  deter- 
mining the  tape  lengths  on  the  100'"  comparator  of  Holton  Base 
showed  a  very  satisfactory  accordance  of  the  tape  and  thermometer 
temperatures,  whether  observations  were  made  during  the  day  or  night. 
This  comparator  was  covered,  however,  except  on  its  north  side,  by  a 
shed  which  screened  the  tape  from  the  direct  rays  of  the  sun.  The 
results  of  these  determinations  of  length  are  given  in  detail  below,  in 
Tables  Nos.  1  and  2. 

A  striking  fact  brought  out  by  repeated  measures  of  the  sections  of 
Holton  Base  on  cloudy  days  is  that  at  such  times  the  tape  temperature 
was  persistently  higher  than  that  indicated  by  the  thermometers.  The 
cause  of  this  peculiarity  is  not  yet  fully  made  out,  though  investiga- 
tions are  under  way  to  discover  it.  The  amount  of  the  discrepancy  in 
our  experience  has  risen  at  most  to  0.9°  C. ,  which  is  equivalent  to  rroTTo' 
part  of  the  tape  length  or  distance  measured. 

Sometimes  three  of  the  thermometers  were  used  with  the  tape,  and 
at  other  times  two.  When  three  were  used,  they  were  placed  one  at 
the  middle  of  the  tape's  length  and  one  at  one-sixth  that  length  from 
either  end.  "When  two  were  used  they  were  generally  placed  at  one- 
fourth  the  tape's  length  from  its  ends  respectively.  For  the  most  pre- 
cise work,  as  in  comparisons  for  determining  the  tape  lengths,  the  three 
thermometers  were  each  read  twice,  once  just  before  and  once  just  after 
the  observations  on  the  tape.  The  mean  of  the  six  thermometer  read- 
ings thus  made  gave  the  tape's  temperature  with  a  probable  error  of 
about  ±0.2oC.,  equivalent  to  -aooVoT  part  of  the  tape  length,  when 
observations  were  made  at  night  or  under  the  comparator  shed. 

Method  of  Supporting  and  Marking  Position  of  Tape. — When  in  use  for 
measuring  a  line  the  tape  is  supported  at  equal  intervals  of  10  or  20  m. 
throughout  its   length.     The   supports   found   most   convenient,  and 
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amply  sufficient,  are  steel  wire  nails  driven  into  stakes  set  at  the  proper 
intervals  along  the  line.  These  nails  are  ranged  into  a  straight  line 
for  any  tape  length  by  means  of  a  small  theodolite  whose  telescope 
axis  may  be  brought  to  the  right  height  at  one  end  of  that  taj^e  length. 

The  ends  of  the  tape  are  supported  by  the  tape  stretchers,  by  means 
of  which  the  tape  is  aligned  over  the  marking  stakes.  The  latter  are 
stakes  of  scantling  cut  off  or  driven  down  to  the  proper  height  and 
capped  with  a  small  table  on  which  a  plate  of  zinc  is  held  in  place  by 
light  nails.  These  tables  and  plates  are  rectangular,  5'"'  x  20 '"',  say,  and 
the  longer  sides  are  placed  parallel  to  the  line.  On  the  j^lates  the  po- 
sition of  the  forward-end  graduation  of  the  tape  is  marked  as  the 
measure  progresses  by  means  of  a  sharp  brad-awl  held  against  the 
edge  of  a  small  try-square,  which  is  aligned  against  the  longer  edge 
of  the  marking  plate.  The  rear-end  graduation  of  the  tape  is  in  turn 
brought  into  coincidence  with  the  successive  marks  on  the  zinc 
plates.* 

Operatio7i  of  Measurement. — The  marking  and  support  stakes  for  the 
measurement  of  aline  are  most  advantageously  ranged  out  and  adjusted 
beforehand.  This  is  especially  essential  for  work  of  the  highest  pre- 
cision carried  on  at  night.  Assuming  this  to  have  been  done,  and  that 
night  work  is  contemplated,  the  operation  of  measurement,  if  carried 
on  rapidly,  will  require  12  men,  to  wit :  two  observers  of  the  tape,  one 
at  the  front  and  one  at  the  rear  end;  two  observers  of  thermometers, 
who  also  help  to  carry  the  tape  forward;  one  recorder;  two  operators 
of  the  stretchers;  five  men  to  handle  lamps  and  to  carry  the  tape 
forward. 

The  co-operation  of  the  observers  and  other  operatives  is  secured 
by  means  of  a  code  of  signals  made  with  whistles  held  by  the  observers. 
Thus,  when  the  observer  at  the  rear  end  of  the  tape  is  ready  to  have 
the  tension  applied,  he  gives  one  blast  of  his  whistle.  The  stretcher 
at  the  front  end  immediately  brings  his  balance  to  the  proper  reading, 
when  the  observer  at  that  end  announces  the  fact  with  one  blast  of  his 
whistle.  With  the  tape  under  tension  the  rear-end  observer  adjusts 
the  rear-end  graduation  of  the  tape  to  coincidence  with  the  defining 
mark  on  the  zinc  plate  at  that  end.  When  this  is  accomplished  he 
gives  two  blasts  from  his  whistle.     On  hearing  these,  the  recorder, 

*  The  use  of  such  plates  was  introduced  in  1885  by  Mr.  O.  B.  Wheeler,  Assistant  Engineer 
Missouri  Kiver  Commission. 
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■who  stands  at  the  middle  of  the  tape  length,  immediately  lifts  the  tape 
a  few  centimeters  from  the  support  nail  near  him  and  lets  it  fall  back. 
The  effect  of  this  is  to  make  the  tape  straight  and  relieve  it  from  fric- 
tion on  the  suj>port  nails.  When  the  vibration  of  the  tape  ceases,  the 
rear  observer  gives  one  blast,  which  signifies  that  the  position  of  the 
front  end  of  the  tape  may  be  marked  on  the  zinc  plate.  The  mark  is 
made  by  the  front-end  observer,  who,  on  completing  the  operation, 
gives  one  blast  from  his  whistle.  Then  the  thermometer  readings, 
which  are  observed  while  the  mark  is  made,  are  called  out  to  and 
repeated  by  the  recorder.  Finally,  the  rear  observer  sounds  two 
blasts  from  his  whistle  and  the  tape  and  tape  stretchers  are  carried 
forward  to  a  new  position. 

The  speed  attained  in  this  process  has  been  about  2  km.  per  hour, 
though  a  single  kilometer  has  been  measured  in  20  minutes. 

By  reason  of  the  expansion  and  contraction  of  the  tape,  it  is  fre- 
quently desirable  to  set  the  tape  back  or  forward  by  a  round  number 
of  centimeters.  This  may  be  done  on  the  zinc  plates  by  means  of  a 
suitable  iiocket  scale.  Such  displacements  are  recorded  as  "set- 
backs" and  "set-ups."  Their  amount  is  engraved  on  the  plates, 
which  may  be  appealed  to  if  any  doubt  arise  concerning  the  record. 
"When  "set-backs"  or  "set-ups"  are  made,  and  when  more  than  one 
measure  is  recorded  on  the  plates,  it  is  advantageous  to  number,  orient, 
and  date  them  for  filing  as  part  of  the  records. 

Determination  of  Equations  of  Tapes. 

Data  for  Tape  Lengths. — For  the  purpose  of  getting  accurate  lengths 
of  the  tapes  and  also  testing  their  efficiency  in  the  actual  work  of  base 
measuring,  a  new  form  of  base  apparatus,  known  as  the  iced-bar  appa- 
ratus, was  devised  by  the  writer.  The  essential  feature  of  this  appa- 
ratus, which  is  described  in  the  American  Journal  of  Science  for 
January,  1893,  is  that  the  measuring  bar  is  kept  at  a  constant  tem- 
perature by  means  of  a  packing  of  melting  ice,  thus  avoiding  in  its 
applications  the  use  of  thermometers  entirely.  It  is  a  line  measure, 
micrometer  microscope  apparatus,  and  it  appears  to  give  a  precision  of 
measurement  surpassing  anything  hitherto  attained  in  base-line  work. 

The  tape  lengths  were  derived  from  numerous  observations  on  a 
IOC"  comparator  whose  length  was  determined  by  repeated  measures 
"with  the  iced-bar  apparatus.     The  tapes  were  aligned  and  supported 
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on  the  comparator  in  precisely  the  same  manner  as  when  used  in  base 
measurement. 

The  details  of  all  the  work  done  up  to  date  with  the  iced  bar  and 
with  the  tapes  are  now  nearly  ready  for  publication  in  the  report  of  the 
United  States  Coast  and  Geodetic  Survey.  But  since  the  character  of 
the  work  done  in  deriving  the  equations  of  the  tapes  can  be  gauged 
adequately  only  by  the  results  obtained,  it  is  proper  to  anticipate  that 
report  to  the  extent  of  giving  the  essential  details  of  the  tape  com- 
parisons. The  following  tables  give  those  details  for  the  100™  tapes 
Nos.  85  and  88  respectively.  The  first  column  gives  the  date  of  the 
comparison;  the  second,  the  time  of  day;  and  the  third,  the  thermo- 
metric  temperature  of  the  tape  in  Centigrade  degrees,  corrected  to  the 
hydrogen  scale.  The  fourth  column  gives  the  observed  length  of  the 
tape  in  terms  of  the  iced  bar,  the  excess  over  20  times  that  bar's 
length  having  been  measured  by  means  of  micrometer  microscopes  and 
the  millimeter  scales  of  the  cut-off  cylinders  accompanying  the  iced- 
bar  apparatus.  The  standard  tension  of  the  tape  is  11.595  kg.,  or 
25  lbs.  9  ozs. ;  i.  e.,  it  is  the  actual  tension  given  to  the  tape  when  the 
balances  used  read  25  lbs.  even.  The  last  column  gives  the  residual, 
or  the  diflference  between  the  length  of  the  tape  computed  from  its 
equation  given  below  and  the  observed  length. 

TABLE  No.  1. 

KesuijTs  of  Observations  fob  Length  and  Rate  of   Expansion  of 

100-Metee  Steel  Tape  No.  85. 


Date. 

Time 

of 

Day. 

Temperature 
of  Tape. 

Observed  Length 
of  Tape. 

Residual  (computed 

minus  observed 

value). 

1891. 

August  6th 

11.29  a.  m. 

29.02°C. 

20Bi,-f  35.51"'" 
37.69 

+  0.12""" 
—    .34 

1.02  p.m. 

30  ."56 

2.06 

30.07 

36.15 

+    .63 

3.05 

29.88 

36.85 

—    .28 

4.02 

28.92 

35.14 

+    .38 

5.00 

28.01 

34.68 

—    .06 

9.02 

19.68 

24.66 

+    .63 

9.12 

18.44 

23.80 

+    .25 

August  7th 

7.02  A  M. 

20.96 

26.84 

—  .03 

—  .13 

8.02 

24^53 

30184 

9.02 

26.73 

32.97 

+    .15 

10.02 

27.96 

34.67 

—    .11 

11.01 

29.26 

35.95 

—    .06 

11.48 

30.11 

37.54 

—    .70 

2.04  P.M. 

30.21 

37.28 

—    .36 

7.16 

31.35 

38.47 

—    .29 

7.32 

21.51 

27.04 

+    .37 

8.38 

20.15 

25.31 

+    .60 
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Date. 

Time 

of 
Day. 

Temperature 
01  Tape. 

Observed  Length 
of  Tape. 

Residual  (computed 

minus  observed 

value). 

August  8th 

7.28  A.  M. 

24  66°  C. 

20S,, +30.43""" 
33.89 

+    .43'"- 
—     .41 

8.34 

27.06 

9.35 

29.14 

35.89 

—    .2J 

10.32 

30.34 

36.90 

—    .17 

11.31 

31.39 

38.39 

—    .17 

12.28  p.  M. 

32.12 

39.23 

—    .21 

1.33 

31.54 

38.72 

—    .33 

2.34 

30.32 

36.77 

+    .28 

7.41 

21.48 

27.10 

+    .27 

8.34 

20.93 

26.56 

+    .21 

9.34 

20.38 

26.  iO 

—    .03 

September  5th 

2.40  p.  M. 
3.24 

14.88 
14.70 

20.20 
19.77 

—    .05 

+    .18 

5.04 

14.26 

19  37 

+    .10 

7.35 

13.88 

19.26 

-    .21 

9.08 

13.98 

19.12 

+    ,04 

October  3d 

10.40  a.m. 
11.48 

26.73 
27.24 

33.2.-) 
33.54 

—    .13 

+    .1* 

1. 41  P.M. 

27.06 

33.38 

+    .10 

October  4th 

4.64 
6.50 

13.85 
12.67 

19.41 
17.93 

—    .39 

—    .20 

8.08 

12.32 

17.18 

+    -17 

8.58 

11.70 

16.85 

—    .18 

10.20 

11.38 

16. J8 

+    .14 

October  5th 

5.00  a.  m 
6  04 

7.20 
6.66 

11.66 
11.19 

+    .07 
—    .04 

6.54 

7.97 

12.64 

—    .05 

8.04 

10.24 

14.71 

+    .36 

9.00 

11.80 

16.54 

+    .24 

12.38  p.m. 

15.13 

20.30 

+    .12 

7.03 

7.07 

11.58 

+    .02 

8.08 

6.72     . 

11.02 

+    .20 

8.58 

6.38 

10.71 

+    .13 

10.16 

5.04 

9.52 

-    .14 

October  6th... 

4.32  A.  M. 

5.28 

3.51 
3.47 

7.58 
7.75 

+    .12 
—    .09 

6.28 

4.76 

9.01 

+    .06 

7.56 

9.59 

14.23 

+    .13 

8.54 

11.95 

16.78 

+    .16 

October  8th 

7.54 
8.48 

8.62 
10.89 

13.50 
16.02 

-    .20 

—    .24 

9.52 

12.55 

17.96 

—    .36 

10.46 

13.60 

18.56 

+    .19 

11.52 

14.63 

19.98 

—    .11 

12.58  P.M. 

15.02 

20.24 

+    .06 

2.06 

15.63 

20.77 

+    .20 

3.00 

14.67 

19.76 

+    .16 

4.06 

13.87 

18.77 

+    .27 

5.52 

9.45 

14.27 

—    .07 

7.12 

7.38 

11.83 

+    -11 

11.16 

7  25 

12.04 

—    .24 

11.58 

7.70 

12.48 

—    .19 

October  9th 

2.04  A.  M. 
3.04 

6.31 
6.49 

9  80 
10.05 

—    .13 

—    .18 

4.08 

6.49 

9.97 

-    .10 

5.06 

4.19 

8.76 

—    .29 

6.10 

4.47 

8.95 

—    .20 

6.56 

6.68 

11.38 

—    .21 

8.00 

9.33 

14.22 

—    .15 

92 


WOODWARD  ON  USE  OF  LONG  STEEL  TAPES. 


TABLE  No.  2. 

EestjijTS  op  Observations  fok  Length  and  Eate  of  Expansion  of 
100-Metek  Steel  Tape  No.  88. 


Residual  (com- 

Date. 

Time  of  Day. 

Temperature 

Observed  Length 

puted  minus 

of  Tape. 

of  Tape. 

observed 

value). 

1891. 

August  1st 

10.14  A.  M. 

27.46°  C. 

20Bi,4-  35.86""" 
38.66 

+  0.42"'" 
—     .40 

1.5  J  p.  M. 

29.28 

2.50 

24.96 

32.94 

+     .61 

3.32 

24.61 

33.48 

—     .31 

4.10 

22.86 

31.35 

—     .09 

4.56 

23.34 

32.41 

—     .63 

5.56 

23.97 

31.89 

+     .58 

7.25 

20  46 

28.17 

+     .46 

August  3d 

7.52  a.  m. 

14.99 

22.73 

-     .06 

8.29 

14.46 

21.83 

+     .26 

9.59 

14.30 

22.67 

-     .65 

11.05 

14.70 

21.96 

+     .39 

1 . 32  p.  M. 

16.45 

24.17 

+     .09 

2.08 

16.95 

24.79 

+     .02 

August  Ith 

8 .  22  A.  M. 

20.84 

29.12 

—      07 

9.02 

21.  b6 

29.82 

+     .13 

10.02 

23.24 

31.59 

+     .08 

10.515 

24.14 

32.91 

-     .26 

12.02  p.m. 

24.01 

32.87 

—     .37 

1.02 

25.01 

33.60 

+     .00 

4.46 

24.77 

33.03 

+     .31 

9.04 

17.72 

25.16 

+     .49 

August  5tli 

7.16  A.  M. 

21.71 

29.95 

+     .05 
+     .32 

8.32 

24.29 

32.50 

9.32 

25.28 

33.47 

-4-     .43 

10.32 

25.71 

33.83 

+     .54 

11.32 

28.01 

37.08 

+     -21 

1.32  p.m. 

28.01 

36.99 

+     .12 

2.32 

28.27 

37.03 

+     .13 

3.32 

27.89 

36.60 

+     .15 

4.30 

26.31 

34  74 

+     .28 

5.32 

26.27 

34.88 

+     .10 

8.56 

17.67 

25.06 

+     .54 

August  30tli 

6.46  p.  m. 

16  41 

23.93 

+     .29 
+     .39 

8.14 

14.26 

21.49 

9.30 

13.15 

20.65 

+     .01 

September  5th 

12.08  p.  M. 

14.55 

22.58 

—     .39 

1.16 

15.10 

23.36 

—     .57 

1.42 

15.78 

24.09 

—     .56 

2.24 

15.28 

23.49 

—     .50 

3.45 

14.28 

21.96 

—     .06 

4.54 

14.26 

22.02 

—     .15 

October  3d 

10.55  a.m. 
11.39 

27.08 
26.99 

36.31 
■     36.44 

.46 

—     .67 

1.49  p.m. 

26.93 

36.44 

—     .74 

October  4th 

4.44 
7.U2 

13.83 
12.60 

21.94 
20.16 

—     .54 

—     .10 

8.01 

12.30 

19.98 

—     .25 

9.10 

11.53 

18.92 

—     .03 

10.10 

11.50 

18.86 

—     .10 

October  5th 

5.12 

7.03 

14.15 

—     .18 

5.56 

6.46 

13.66 

—     .30 

7.00 

8.25 

15.37 

—     .06 

7.56 

9.97 

16.90 

+     .29 

9.04 

11.70 

18.85 

+     .23 

12.30  p.  M. 

15.35 

23.05 

+     .01 

7.12 

7.02 

13.71 

+     .25 

8.02 

6.42 

13.27 

+     .05 

9.08 

6.54 

13.42 

+     .03 

lU.04 

5.12 

12.03 

—     .13 
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Residual  (com- 

Date. 

Time  of  Day. 

Temperature 
of  Tape. 

Observed  Length 
of  Tape. 

puted  minus 
observed 
value). 

October  6th 

4.42  A.  M. 

4.39°  C. 

20B„  +11.20""" 

—    .10""" 

5.22 

3.46 

10.13 

—     .04 

6.34 

4.66 

11.29 

+     -11 

7.48 

8.82 

16.12 

—     .18 

9.02 

12.70 

20.01 

+     .16 

October  8th 

7.50  a.  m. 
8.54 

8.15 
11.20 

15.57 
18.57 

—     .36 

—     .04 

9.48 

12.14 

19.44 

+     .16 

10.. 52 

13.85 

21.24 

+     .19 

11.46 

14.05 

21.10 

+     .54 

1.04  P.  M. 

15.25 

22.81 

+     -14 

2. 00 

16.12 

23.55 

+     .35 

3.06 

14.62 

22.21 

+     .06 

4.02 

14.22 

21.73 

+     .10 

5.58 

9.23 

16.08 

+     .20 

7.06 

7.57 

14.44 

+     .13 

11.06 

7.35 

14.67 

—     .34 

October  9th 

12  08  A.  M. 
1.56 

7.52 
5.39 

14.71 
12.57 

—     .19 

—     .38 

3.10 

6.29 

12.04 

+     .04 

4.04 

5.67 

12.56 

—     .06 

5.12 

4.21 

10.86 

+     .04 

6.04 

4.11 

10.84 

—     .04 

7.02 

7.07 

14.25 

—     .22 

7.56 

9.10 

16.71 

—     .47 

Derived  Values  and  Probable  Errors. — Assigning  equal  weights  to  the 
observations  in  the  above  tables,  the  method  of  least  squares  gives  the 
following  equations  for  the  tapes: 

T^  =  20Si7  +  22.35'"™  ±  0.023'"™ 

+  (1.0947"""  ±  0.0025'""')  (i?  —  16. 89°  C. ) (1) 

^88  =  205i7  +  23.47"""  ±  0.022"^'" 

+  (1.0914™™  ±  0.0029'""')  (^  —  15.72C  C.) (2) 

jBjy  =  length  of  steel  bar  No.  17  in  ice  ^5"'  —  16'^  very  nearly, 
t     =  temperature  of  tape  in  degrees  C, 
16.89^  C.  =  mean  of  observed  temperatures  of  tape  No.  85, 
15. 72°  C.  =  mean  of  observed  temperatures  of  tape  No.  88. 

The  probable  errors  of  the  mean  lengths  of  the  tapes  and  of  their 
rates  of  expansion  given  above  are  derived  in  the  following  manner : 
The  sum  of  the  squares  of  the  residuals  for — 
tape  No.  85  =  4.82, 
tapel^To.  88  =  8.62; 
and  since  the  number  of  residuals  in  the  first  case  is  77  and  in  the  other 
85,  the  probable  error  of  a  single  determination  of  length  for — 
tape  No.  85  =  ±0.17'"™, 
tape  No.  88  =  rt0.22™™. 
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Since  there  is  no  a  priori  reason  for  attributing  any  greater  weight  to 
the  observations  on  taj^e  No.  85  than  to  those  on  tape  No.  88,  the  mean 
of  these  two  values,  or  rt  0.20""",  is  adopted  as  the  probable  error  of  a 
single  determination  of  a  taj^e  length  on  the  100™  comparator.  This 
error  is  rroVoir  part  of  the  tape's  length.  It  is  due  almost  wholly  to 
imperfect  temperature  indications  of  the  thermometers,  since  the  means 
for  referring  the  ends  of  the  tape  to  the  fiducial  stones  of  the  compar- 
ator would  admit  errors  of  a  few  hundredths  of  a  millimeter  only. 

The  weights  of  the  mean  lengths  and  the  rates  of  expansion  which 
result  from  the  least  square  solution  are  for — 

tape  No.  85,  77  and  6  436, 
tape  No.  88,  85  and  4  687. 
These,  in  connection  with  the  probable  error  of  a  single  determination 
of  length  derived  above,  give  the  probable  errors  attached  to  the  quan- 
tities in  equations  (1)  and  (2). 

Without  attempting  a  full  discussion  of  these  results  here,  it  may 
be  stated  that  the  above  tables  include  every  determination  made  of 
the  tape  lengths  in  question.  The  temperature  range  is  from  3.5°  0.  to 
32.1°  C.  for  No.  85,  and  from  3.5°  C.  to  28. 0^  C.  for  No.  88.  During  the 
period  covered  by  the  observations,  August  1st  to  October  9th,  the 
tapes  were  wound  on  and  unwound  from  their  reels  many  times  and 
used  frequently  to  measure  the  diflferent  sections  of  Holton  Base.         ^ 

The  maximum  residual  in  the  comparisons  of  tape  No.  85  is  0. 70""", 
and  the  maximum  for  No.  88  is  0.74""".  These  correspond  to  ttoVo  o  part, 
about,  of  a  tape  length.  The  following  table  gives  a  comparison  be- 
tween the  actual  distribution  of  the  whole  number  of  residuals  (162  for 
both  tapes)  and  the  theoretical  distribution  computed  by  means  of  the 
law  of  error  of  least  squares. 

TABLE  No.  3. 

DiSTKIBUTION   OF   ReSIDTJAIjS. 


Between  Limits. 

Actual  Number  of  ResidualB. 

Theoretical  Number. 

O.Omm  and  0.2""" 
0.2          '•     0.4 
0.4         "     0.6 
0.6          "     0.8 

85 
61 

17 
9 

84 
62 
21 

5 
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An  inspection  of  the  residuals  in  Tables  Nos.  1  and  2  indicates  that 
some  lagging  of  the  tape's  temperature  relatively  to  that  of  the  ther- 
mometers occurred  at  times. 

For  practical  applications  the  equations  (1)  and  (2)  may  be  written 
in  the  following  more  compact  form : 

2^85  =  205,7  +  3.86"'"'  +  l^^.OOiT t (3) 

^88  =  20i^,7  +  6.31"""  +  1'"™.0914  ^ (4) 

These  equations  give  the  lengths  of  the  tapes  when  they  are  under  a 
tension  of  11.595  kg.  (25  lbs.  9  ozs.),  and  when  supported  at  equi- 
distant intervals  of  10™. 

The  probable  errors  of  the  mean  lengths  in  equations  (1)  and  (2)  are 
due  to  the  errors  of  comparison  only.  The  total  probable  errors  of 
those  mean  lengths,  when  expressed  in  meters,  depend,  1st,  on  the 
errors  of  comparison  just  mentioned;  2d,  on  the  error  in  length  of  the 
100™  comparator  as  measured  with  the  iced  bar;  3d,  on  the  error  in 
length  of  the  iced  bar  when  expressed  in  terms  of  the  International 
meter.*  The  second  and  third  errors  when  expressed  as  ratios  may  b^ 
taken  as  not  greater  than  -s^rsu-o^o  and  ttto^oott  part,  respectively,  or 
in  100™,  as  not  exceeding  d=  0.020"'™  and  ±  0.025™™  respectively. 
These  combined  with  the  probable  errors  ±  0.023'"™  and  dz  0.022™™,  in 
equations  (1)  and  (2),  give  ±  0.039"'™  as  the  probable  error  of  either 
tape  expressed  in  meters  at  the  mean  of  its  observed  temperatures  on 
the  100™  comparator.  For  such  extreme  temperatures  as  0°  C.  and 
30^  C,  which  are  rarely  reached  in  actual  work,  the  probable  errors 
rise  to — 

±  0.057"'™  and  ±0.052'"™  respectively  for  tape  No.  85,  and 
±  0.060"'™  and  ±  0.057"""  respectively  for  tape  No.  88. 

The  square  root  of  the  average  of  the  squares  of  the  probable  errors 
of  the  tape  lengths  between  0°  and  30'^,  supposing  all  such  tempera- 
tures of  equal  frequency,  is  d-  0.045"""  for  tape  No.  85,  ±  0.046'"™  for 
tape  No.  88.  Hence  it  is  concluded  that  for  such  temperatures  as  are 
likely  to  be  had  in  the  use  of  these  tapes  the  probable  errors  of  their 
absolute  lengths  will  not  exceed  ±  0.05'"™  or  -2TooT(r(7  par^  of  their 
lengths. 

^  *  To  these  errors  it  may  be  essential  to  add  the  error  of  reference  to  the  hydrogen  scale 
of  the  mercurial  thermometeis  used  in  determining  the  tape  temperatures.  It  does  not 
appear  at  present,  however,  that  such  error  can  appreciably  increase  the  probable  errors  given 
in  the  text. 
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Results  Obtainkd  in  the  Measttrement  of  St.  Albans  Base. 

Explanation  of  Data. — In  order  to  furnish  a  fairly  complete  idea  of 
the  precision  attainable  in  the  actual  work  of  measuring  a  base,  the 
results  of  the  measures  of  St.  Albans  Base,  1892,  will  be  given  herewith. 
This  base  of  3  870.5""  was  divided  into  four  sections.  The  first  three 
of  these  beginning  at  the  west  end  were  closely  equal  to  1  km.  each. 
Five  measures  of  this  base  were  made.  Four  of  them  were  made  dur- 
ing the  night  time,  when  the  temperature  varied  from  5^  to  15^  C.  in 
the  means  for  the  several  sections.  The  fifth  measure  was  made  during 
the  day,  in  full  sunshine,  at  a  time  when  the  temperature  varied  from 
27°  to  32°  C.  in  the  means  for  the  different  sections.  The  first  two  and 
the  last  measures  were  made  with  tape  No.  88  ;  the  third  and  fourth 
measures  were  made  with  tape  No.  85. 

The  wide  range  of  temjDerature  of  these  measures,  and  the  use  of 
two  tapes  whose  equations  differ,  as  shown  above,  by  about  2.5""", 
would  appear  to  afford  a  pretty  good  test  of  the  efficiency  of  the  appa- 
ratus and  method. 

Table  No.  4,  following,  gives  the  results  of  these  measures.  The 
first  column  gives  the  date  ;  the  second,  the  time  of  day  when  the 
measure  was  made  ;  the  third,  the  direction  in  which  the  measure  pro- 
ceeded ;  the  fourth,  the  mean  temperature  of  the  tape  ;  the  fifth,  the 
temperature  range,  or  the  difference  between  the  highest  and  lowest 
observed  temperature  of  the  thermometers  ;  the  sixth  indicates  by  the 
letters  R  and  F  whether  the  temperature  was  rising  or  falling  during 
the  measure  of  a  section,  and  the  order  of  the  letters  indicates  the 
order  in  which  the  changes  occurred  ;  the  seventh  gives  the  length  of 
the  sections  in  terms  of  the  iced  bar  B^-,  the  excess  over  a  round  num- 
ber of  tape  and  bar  lengths  having  been  measured  with  a  millimeter 
scale,  and  with  a  15'"  auxiliary  steel  tape  in  case  of  the  fourth  sec- 
tion ;  and  the  last  column  gives  the  number  of  the  tape  used. 
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TABLE  No.  4. 

Results  of  Measxjke  of  St.  Albans  Base. 
West  Base  to  Stake  10. 


S      o 

3 

ed  a5 

■s  ia^fe; 

t-  -• 

o 

"3 

.SO 

l  =  i 

0<co  MS 

a 
IS  ca 
3   2 

i 

H 

s  s 

a 

."S 

^5 

o 

H 

H 

^ 

1892. 

p.  M. 

October  11 . . . 

7.211-  8.02 

W.  to  E. 

9.04'C. 

3.40°C. 

F 

200  5,7-1-258.2'""' 

88 

12... 

9.03-9.44 

E.  to  W. 

7.«2 

2.70 

/e 

244.5 

88 

13... 

7.06-  7.40 

W.  to  E. 

13.30 

3.00 

f 

252.6 

85 

13... 

10.49-11.21 

E.  to  W. 

9.56 

1.10 

R 

251.5 

85 

14... 

2  53-  3.16 

W.  to  E. 

32.11 

1.40 

R.r 

248.1 

88 

Stake  10  to  Stake  20. 


October  11. 
12. 
13. 
13. 
14. 


October  11. 
12. 
13. 
13. 
14. 


8.02-  8.4i 
9.44-10.25 
7.40-  8.12 
11.21-11.53 
3.16-  3.49 


W.  to  E. 

5.92° C. 

2.80' 0. 

E.  to  W 

6.39 

2.25 

W.  to  E. 

10.38 

2.55 

E.  to  W. 

9.05 

0.80 

W.  to  E. 

30.47 

0.80 

Stake  20  to  Stake  30. 


8.44-  9.26 

W.  to  E. 

6.23° C. 

1.50° C. 

7.40-  8.22 

E.  to  W. 

7.84 

1.60 

8.12-  8.44 

W.  to  E. 

9.92 

1.10 

9.45-10.17 

E.  to  W. 

8.75 

0.70 

3.49-  4.02 

W.  to  E. 

30.80 

1.50 

F.R 

200  B„ -1-534.8""" 

88 

F,  R 

535.5 

88 

F.R 

533  0 

85 

F,K,F 

536.0 

85 

F.  R 

636.0 

88 

R.F.  R 

200 5„-f- 527.0""" 

88 

K,  F 

524.0 

88 

F.  R,  F 

527.8 

85 

R.  F,  R 

528.9 

85 

R.  F.R 

534.0 

88 

Stake  30  to  East  Base. 


October  11... 

9.36-10.08 

W.  to  E. 

4.80° C. 

0.75° C. 

F.  R 

172B„-|-9  325.£""" 

88 

12... 

8.22-  9.03 

E.  to  W. 

7  92 

2.65 

F.R 

9  323.0 

88 

13... 

8.44-  9.16 

W.  to  E. 

9.24 

0.50 

F,  R 

9  3?1.4 

85 

13... 

10.17-10.49 

E.  to  W. 

8.57 

1.00 

F,  R.  F 

9  328.6 

85 

14... 

4.02-  4.26 

W.  to  E. 

27.46 

0.95 

R.F.R 

9  333.0 

88 

Interpretatio7i  of  Results. — "Without  entering  into  a  minute  discussion 
of  these  results,  attention  may  be  called  especially  to  what  is  considered 
the  key  to  their  proiser  interpretation.  In  case  there  is  any  relative 
lagging  of  the  tape  and  thermometric  temperatures,  it  is  obvious  that 
the  eflfect  of  such  lagging  will  be  more  or  less  eliminated  in  the  mean 
of  two  measures  of  a  section  made,  the  one  under  a  rising  and  the  other 
under  a  falling  temjDerature.  A  similar  elimination  of  the  lag 
effect  will  occur  in  a  single  measure  of  a  section  if  the  temperature  is 
rising  for  one  half  and  falling  for  the  other  half,  or  vice  versa,  of  the 
measure  ;  and  in  general,  the  lag  eflfect  will  tend  to  eliminate  itself  if 
the  temperature  fluctuates  to  any  considerable  extent  about  its  mean 
trend. 

These  considerations  seem  to  afford  a  satisfactory  explanation  of  the 
ranges  among  the   results  of  the  measures  of  the   several  sections. 
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Thus,  as  might  be  expected  from  these  considerations  in  connection 
with  the  data  shown  in  the  fifth  and  sixth  columns  of  the  above  table, 
the  range  is  greatest  among  the  measures  of  the  section  from  West 
Base  to  stake  10.  The  range  is  least  in  the  measures  of  the  section 
from  stake  10  to  stake  20.  The  middle  portion  of  this  latter  section  was 
on  low,  marshy  ground  compared  with  the  ground  at  either  end;  so 
that,  as  indicated  by  the  letters  in  the  sixth  column  of  the  table,  the 
temperature  conditions  were  favorable  to  an  elimination  of  the  lag 
effect  in  every  measure  of  the  line. 

Each  section  of  the  base  was  measured  at  night  twice,  once  in  each 
direction,  by  each  of  the  two  tapes.  The  conditions  as  to  temperature, 
etc. ,  differed  little  during  the  three  nights  when  these  measures  were 
made  ;  i.  e.,  the  sky  was  cloudless,  or  nearly  so,  there  was  little  or  no 
wind,  and  the  measures  were  made  while  dew  was  condensing  along 
most  parts  of  the  base  line.  Owing  to  these  conditions,  and  the  topo- 
graphic conformation  of  the  ground  along  the  line,  the  tempera- 
ture trend  was  in  general  reversed  by  the  reversal  of  the  direction  in 
which  the  measures  i^roceeded.  For  this  reason  we  should  expect  the 
means  of  forward  and  backward  measures  of  the  sections  to  be  largely 
free  from  the  eifect  of  lagging  of  the  thermometers.  This  appears  to 
be  the  case  as  shown  by  the  following  table,  which  gives  the  excesses 
in  millimeters  of  those  means  for  each  section  as  measured  by  each  of 
the  two  tapes  : 

TABLE  No.  5. 

Means  of  Fokwakd  and  Backwakd  Measures  of  the  Sections. 


No.  Tape. 

Section  1. 

Section  2. 

Section  3. 

Section  4. 

Whole  Base. 

88 
85 

+  251.4"'"' 
252.0 

+  535.2"'"' 
634.5 

-1-525.6"'"' 
628.4 

+  9  304.2""" 
9  325.0 

10  636.3"'"* 
10  6a9.9 

The  accordance  of  these  results  leaves  little  to  be  desired  ;  but  for 
the  reasons  already  adduced,  and  for  others  given  below,  it  is  difficult 
to  see  how  it  can  be  otherwise  than  real. 

Although  the  fact  that  means  of  forward  and  backward  measures  of 
a  section  indicated  a  marked  elimination  of  some  source  of  error  was 
noticed  in  the  measures  of  Holton  Base  in  1891,  the  explanation  of  that 
fact,  presented  above,  did  not  occur  to  me  until  after  the  night  measures 
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of  St.  Albans  Base  had  been  made.  The  full  import  of  the  explanation, 
indeed,  was  not  appreciated  until  after  the  day  measures  of  October  14th 
had  been  made ;  otherwise  a  reverse  measure  of  the  line  would  have 
been  made  on  the  latter  day,  though,  as  it  hapj)ened,  the  temperature 
conditions  were  fairly  favorable  on  that  date  for  eliminating  the  lag 
effect. 

In  deriving  the  total  length  of  the  base,  it  is  considered  best  to  use 
the  night  measures  only,  since  all  our  experience  shows  that  the  tem- 
perature uncertainty  is  least  in  such  measures.  Accordingly,  the  value 
adopted  is — 

772  5,-  +  10  638.1""^ 
or  the  mean  of  the  four  night  measures. 

If,  on  the  other  hand,  we  include  the  day  measure  and  give  it  and 
€ach  of  the  night  measures  the  same  weight,  the  result  is — 

772  5^7  +  10  640.7""" 
-which  differs  but  2.6'"™  from  the  adopted  value. 

The  results  for  the  several  measures  of  the  whole  base,  in  the  order 
in  which  they  were  made,  are — 

772  5,7  4- 10  645.5'"™ 
27.0 
34.8 
45.0 
51.1 
The  range   among  these  is  24.1""",  or  TBtrrinr  part   of  the  whole 
line.      The  range  among  the  first  four,  or  the    night    measures,  is 
18.5"™  or    2-U-9V00    part.     The  greatest  divergence  from  the   adopted 
mean  is  that    of  the  last  or  day   measure.     The  amount  is  13'"™,  or 
2  98  000  part. 

Probable  Errors. — In  computing  probable  errors  from  the  above 
data  we  may  proceed  according  to  several  hypotheses.  Using  1 
km.  as  the  unit  of  distance  to  which  such  errors  refer,  we  may 
assume  (a)  that  all  of  the  night  and  day  measures  of  the  several  sec- 
tions of  the  base  are  of  equal  weight,  and  that  no  elimination  of  system- 
atic error  results  in  the  mean  of  a  forward  and  backward  measure ; 
(b)  that  the  night  measures  should  be  considered  by  themselves  and 
treated  as  if  they  involved  no  errors  due  to  lagging  of  the  thermom- 
eters ;  (c)  that  the  means  of  forward  and  backward  measures  of  the 
sections  as  given  in  Table  No.  5  are  more  or  less  free  from  errors  due 
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to  lagging,  and  that  sncli  means  are  alone  competent  to  give  an  idea 
of  the  attainable  precision. 

The  errors  which  result  from  each  of  these  hypotheses  -will  now  be 
given.  Let  £„,  e^,  e^  =  the  probable  error  of  one  measure  of  a  kilo- 
meter according  to  the  suppositions  (a),  {b),  (c),  respectively. 

m  =  the  total  number  of  independently  observed  quantities,  or 
total  number  of  measures  of  the  sections, 
=  20   for  supposition  [a], 
=  16    "  "  (6), 

=    8    "  -  (c), 

[vv]  =  sum  of  squares  of  the  discrepancies  between  the  individual 
measures  of  the  sections  and  their  means,  respectively. 
Then  from  Tables  Nos.  4  and  5  we  find* 

[vv]  =  250.57  for  supposition  (a), 
=  142.94    "  "  [b], 

=      4.80    "  "  (c). 

According  to  the  method  of  least  squares,  when  we  have  m  measures 
of  equal  weight  of  /<  unknown  quantities,  the  probable  error  of  a  single 
measure  is  expressed  by — 


±  0.6745 


NJ  in — /ii 


In  the  present  case  the  number  of  unknown  quantities,  or  /<  =  4,  the- 
number  of  sections  of  the  base.  Hence  for  the  several  suppositions  we 
have  m  —  ju  =  16,  12,  4,  respectively.     These  data  then  give — 

£„=-  ±2.67"'™ 

£(,  =  ±2.33 

£c  =  ±  0.74 
It  may  be  observed  that  if  the  mean  values  in  Table  No.  5,  from 
which  e,.  is  derived,  are  not  to  a  marked  extent  free  from  systematic 
error,  as  is  assumed,  we  should  have  by  the  theory  of  errors — 

^c=i  £,  ^2  =  0.71^,. 

* 

But  the  actual  relation  is  a^  =  0.32  f^,  or  the  ratio  of  the  two  errors  is 
less  than  half  as  gi-eat  as  it  should  be  if  the  hypothesis  (c)  were  false. 

It  may  be  observed,  also,  that  the  work  on  the  long  comparator  in 
determining  the  tape  lengths  affords  an  indirect  means  of  estimating 
the  precision  attainable  in  the  mean  of  two  measures  of  a,  kilometer. 

*  The  sections  are  treated  as  of  equal  length,  the  modification  arising  from  the  fact 
that  the  section  Irom  Stake  30  to  East  base  is  ISO"'  short  of  a  kilometer  being  unimportant. 
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As  shown  above,  the  probable  error  of  a  single  determination  of  a  tape 
length  on  that  comparator  is  ±  0.20"'™.  This,  as  already  explained,  is 
almost  wholly  due  to  temperature  uncertainty  in  the  mean  of  six  ther- 
mometer readings.  If,  now,  we  assume  that  the  temperature  uncer- 
tainty is  on  the  average  no  greater  in  night  work  on  a  base  line,  and  it 
does  not  appear  to  be  so  if  the  measures  are  made  in  a  way  to  eliminate 
the  lag  effect,  the  probable  error  of  a  tape  length  from  the  mean  of 

two  in  place  of  six  thermometer  readings  should  be  ±  0.20'""^     /_  = 

±  0.20™""  v/ 3^  With  this  for  the  probable  error  of  a  single  tape 
length,  the  probable  error  of  the  sum  of  ten  such  lengths,  or  of  one 
kilometer,  is  ±  0.20"""  ^30 ;  and  hence  the  probable  error  of  the 
mean  of  two  such  measures  is — 

±  0.20  """  v/i5  =  ±  0.77""™, 
which  does  not  differ  materially  from  the  value  e^  =  ±0. 74"*™  derived 
above.  While  no  great  importance  is  attached  to  this  argument,  since 
the  results  in  Table  No.  5  are  too  few  to  render  such  argument  con- 
clusive, it  seems  not  out  of  place  to  note  that  the  precision  attained  in 
this  field  work  is  not  inconsistent  with  that  attained  in  determining 
the  tape  lengths. 

Lastly,  it  may  be  observed  that  the  value  of  tj,  =  rh  2. 33"'™,  derived 
by  using  the  night  measures  alone  of  St.  Albans  Base,  is  somewhat 
larger  than  the  corresponding  value  which  results  from  the  measures 
of  the  sections  of  Holton  Base  made  with  the  same  tapes  in  1891.  Dis- 
regarding the  measures  of  the  two  short  sections  (one  of  100™  and  one 
of  500"')  of  this  base,  measures  presenting  abnormally  small  ranges, 
the  41  night  measures  of  the  remaining  five  sections,  which  vary 
in  length  from  900™  to  1  200™,  give  for  s^,  or  the  probable  error  of  one 
measure  of  a  kilometer,  ±  LSS™""^.  This  smaller  value  is  probably  due 
partly  to  the  smaller  amount  of  lagging  of  the  thermometers  as  fitted 
with  the  aluminum  sheaths  in  1891,  and  partly  to  the  exceptionally 
favorable  conditions  of  the  standard  kilometer  of  Holton  Base  for 
eliminating  the  lag  effect.  This  section  had  about  200  meters  at  either 
end  in  open  fields,  while  the  intervening  600  meters  were  along  a  nar- 
row lane  cut  through  a  dense  forest.  By  reason  of  these  conditions 
there  was  in  general  a  marked  change  in  temperature  in  passing  from 
field  to  forest  and  vice  versa,  which  change,  as  already  explained,  is 
favorable  to  the  elimination  of  the  lag  effect  in  any  single  measure. 
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The  21  night  measures  of  this  kilometer  taken  by  themselves  show  a 
probable  error  of  zt  1.63"'"^  for  one  measure. 

Now,  as  to  the  probable  error,  due  to  the  errors  of  measurement 
just  considered,  in  the  whole  length,  or  sum  of  the  sections,  of  St. 
Albans  Base,  three  values  dependent  on  the  three  sujDpositions  (a),  (i), 
(c),  respectively,  may  be  derived.  Thus,  the  probable  error  of  the 
whole  base  is — 

£   -w-F-  =  ±  2.39"'"'  according  to  supposition  (a). 


^/4  = 


±  1.04  "  "  (e). 


Expressed  as  fractions  of  the  base,  these  vary  from  the  -fe  20000  *o 
the  TTinv 00  ps^rt. 

The  errors  just  discussed,  or  those  developed  in  repeated  measures 
of  a  line,  appear  to  be  the  only  ones  of  the  compensating  class  which 
need  be  discussed.  In  comparison  with  these,  the  errors  in  grade  cor- 
rections, in  transfers  to  permanent  marks,  in  the  measurement  of  small 
fractions  of  tape  lengths,  etc. ,  are  trifling.  It  would  seem  safe  to  con- 
clude, therefore,  that  the  probable  error  of  the  adopted  length  of  St. 
Albans  Base,  arising  from  all  sources  save  that  of  error  in  the  tape 
lengths,  cannot  exceed  tsto  oTo  part. 

With  respect  to  the  probable  error  of  a  tape  length,  the  results  of 
the  determinations  on  the  Holton  comparator  indicate  that  it  cannot 
on  the  average  exceed  ±  0.05'""'  as  already  explained.  One  circum- 
stance, however,  leads  me  to  adopt  a  larger  value.  It  is  this :  if  we 
use  the  mean  lengths  of  the  sections  of  St.  Albans  Base  given  in  Table 
No.  5,  to  comiDute  a  correction  to  the  assumed  difference  in  length  of 
the  tapes  at  0-  C,  the  mean  value  of  such  correction  is  found  to  be 
-|-  0.09"'"'  ±  0.095"'"*,  indicating  that  the  difference  in  length  of  the  tapes 
atOoC.  should  be  2.54"""  instead  of  2.45"'™  as  given  by  equations 
(3)  and  (4).  Subseqently  to  the  measurement  of  the  base  a  series  of 
comiiarisons  of  the  tapes  was  made,  mostly  during  the  day  and  in  sun- 
shine, on  a  lOO""  section  of  the  base.  These  comparisons  indicate  a 
correction  of  the  same  amount  -with  somewhat  greater  certainty.  The 
amount  of  this  discrepancy,  it  will  be .  observed,  is  of  about  the  same 
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magnitude  as  the  probable  error  of  the  difference  of  the  tape  lengths 
derived  from  equations  (1)  and  (2),  viz. : 

-v/ (0.057""")  ^+  (0.060""")  ""  =  ±  0.08""", 

so  that  no  great  weight  can  be  attached  to  it.  But  inasmuch  as  the 
lengths  of  the  tapes  were  determined  by  observing  on  their  graduations 
with  micrometer  microscopes,  while  in  applying  them  to  measure  a 
base  a  hand  magnifier  or  the  unaided  eye  is  used,  it  is  possible  that 
some  systematic  error  may  have  entered  the  measures  of  St.  Albans 
Base.  For  this  reason  the  extreme  probable  error  of  a  tape  length 
given  on  the  15th  page  of  this  paper,  namely,  ±  0.06""",  will  be  adopted 
in  computing  the  probable  error  of  this  base.  Combining  this  with 
the  probable  error  from  other  sources  of  error,  estimated  above  as  not 
exceeding  a-oo^— 00  part,  or  ±0.05"'™  per  tape  length,  we  have  for  the 
total  probable  error  of  St.  Albans  Base — 

±  3. 02'"™,  or  TT^i 0 00  part. 
The  adopted  length  of  the  base  as  measured  may  then  be  written — 
772  5,7  +  10  638.1™™  ±  3.0""". 
To  this  must  be  applied  a  correction  of  — 112. 7"*™  for  grades,  or 
slopes  of  the  tajje  lengths,  and  a  correction  of  —  109.1"'™  for  an  eleva- 
tion of  ISO'"  above  sea  level. 

MATHEMATICAL  APPENDIX. 
FoKMUiiAs  Eelattve  TO  Length  op  Tape. 

Actual  and  Apparent  Tension  by  Spring  Balances. — If  the  spring 
balance  used  to  give  tension  to  the  tape  is  adjusted  to  give  correct  ten- 
sions when  in  a  vertical  position,  it  will  indicate  (by  its  face  readings) 
less  than  the  actual  tension  when  in  a  horizontal  position.  Such  bal- 
ances are  liable  also  from  wear  and  other  causes  to  have  an  ajipreciable 
index  correction. 

To  determine  the  actual  tension  in  any  case  with  such  balances,  let 
r  be  the  index  correction.  It  is  the  reading  of  the  index  when  the  bal- 
ance is  vertical,  hook  end  down,  and  without  load  on  the  hook  ;  it  is 
minus  when  the  index  reads  greater  than  zero,  and  plus  when  it  reads 
less.  Let  U  be  the  reading  of  the  index  when  the  balance  is  suspended 
by  its  hook,  hook  end  up.  Let  W  be  the  total  weight  of  the  balance 
found  by  weighing  it  on  another  balance.     Then  if  T^  denote  the  ob- 
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served  or  face  reading  of  the  balance  wlien  horizontal,  and  T  denote 
the  corresponding  actual  tension — 

T=  Ti  +  r+  i  (W—  R  —  r) 
=  T,+  ^{W-R+r). 

Example. — On  September  25th,  1891,  the  following  values  were  ob- 
served with  balance  No.  53,  U.  S.  C.  &  G.  S. ,  namely  • 

r  =  —    3.0  ozs., 

R  =       35.0     " 

W=       49.2     " 

T=        25.0     " 
Hence — 

!r=251bs.  +5.6  ozs. 

Change  in  Length  of  Tape  due  to  Change  in  Tettsion,  Omission  of  One  or 

More  Supports,  etc. — When  the  tension  applied  to  a  tape  differs  from  the 

normal  tension,  or  the  tension  under  which  the  tape  was  standardized, 

a  change  in  length  of  the  tape  results.     Likewise  a  change  in  length 

will  occur  when  the  interval  between  equi-distant  supports  of  the  tape 

is  changed,  or  when  some  of  the  supports  are  omitted.     It  is  often 

convenient  to  omit  one  or  more   supports,  as  in  crossing  a  road,  a 

ravine,  etc.     Not  infrequently,  also,  tapes  are  standardized  by  laying 

them  on  a  flat  or  mural  standard,  and  it  thus  becomes  essential  to  know 

the  shortening  they  undergo  when  supported  at  finite  intervals  instead 

of  throughout  their  length.     The  foUovidng  formulas  apply  to  these 

cases  : 

Let— 

10  =  the  weight  per  unit  length  of  the  tape, 

r  =  the  applied  tension, 

w 
a  =  — 

r 

n  =  the  number  of  sections  into  which  the  tape  is  divided  by 

equi-distant  supports, 
I  =  the  length  of  any  such  section, 
i  =  the  normal  length  of  the  tape,  or  the  right  line  distance 
between  its  end  marks  when  under  standard  tension, 
=  2  I  =  nl,  approximately, 
ft  =  the  reciprocal  of  the  product  of  the  modulus  of  elasticity 
of  the  tape  by  the  area  of  its  cross-section. 
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(1)  Then  the  change  in  length,  z/Lj  say,  in  L  due  to  a  change  Jr  in 
the  tension  is — 

AL^  =  nl  ^i  At  -Y  -h  c?  nf  — (1) 

Example. — For  tape  No.  85,  when  supported  at  equi-distant  intervals 
of  10™  we  have— 

n  =  10, 
I  =  10'", 

w  =  22.32  grams  per  meter, 
r  =  25.5  lbs.  =  11  566.66  grams, 
0==  =  372  X  10  ^ 

yu  =  16  X  lO"-*  for  gram  as  unit* 
=  450  X  10"'  for  ounce  as  unit. 
Hence,  for  Jr  :=  1  oz., 

«  Z  /I  J  r  =  10  X  10™  X  450  X  10"^  =  0.045""", 

_L  a2  «  /3  —  =  ^  X  372  X  10-^  X  10^  X   ;f^  =  0.0076™'". 
12  r  lis  iUo 

JLi  =  0.0526™™. 

It  may  be  observed  that  the  quantity  JL^  can  be  measured  directly 

"by  increasing  and  decreasing  the  tension  in  the  vicinity  of  any  assumed 

value  of  r.     The  mean  of  several  values  determined  in  this  way,  with 

tape  No.  85,  is  AL^  =  0.053"'™  per  ounce  when  r  =  25.5  lbs. 

(2)  Suppose  a  given  tape  to  be  divided  by  its  equi-distant  supports, 
1st,  into  ?ii  sections  of  length  l^ ;  and  2d,  into  7i.,  sections  of  length  I2. 
Then  assuming  the  tension  the  same  in  both  cases,  if  «2  >  *h»  *^® 
difference  in  distance  between  the  end  graduations  of  the  tape,  AL2 
say,  in  the  two  cases,  will  be  expressed  by — 

AL,  =  2{l,-l,)^-^  a'{n,l,'-n,li) (2) 

Example.— For  the  100™  tape  No.  85,  «i  =  5  and  l^  =  20™  when  the 
supports  are  20™  apart;  and  7*2  =  10  and  4  =  10™  when  the  supports  are 
10™  apart.     Hence,  in  this  case  if  a^  =  372  X  10~^,  as  above — 

('5(20)3  —  10(10)^')  =4.65" 

If  a  single  support  is  omitted,  we  have  only  to  make  ^2=  2,  n,  ^1, 
and  Zl  =  2  ^2  in  equation  (2J.     Thus  the  omission  of  a  single  support 

•  Since  the  cross-section  of  the  tape  is  6.34"""  x  OAT"'" ,  or  0.0298  sq.  cm.,  the  value  of 
fi  corresponds  to  a  modulus  ol  2.1  X  10^  kilos,  per  square  ceutuneteE,  or  30  x  10°  lbs.  per 
square  inch. 


1  r.-«         -^-3    /  r  /nr\\S         -I  A  /in\3\    A  aKmm 


AL2  =  -^  X  372  X  10 
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■when  n.^  =  10  and  l^  =  10™,  shortens  tape  No.  85  by  0,93™'",  supposing 
the  normal  tension  to  be  25.5  lbs.  as  above. 

Similarly,  the  omission  of  m  consecutive  supports  shortens  a  tape 

^y~  ^  m  (7,1  +  1)  (  m  +  2)  a-'  l\ 

where  I  is  the  length  of  a  section  when  no  supports  are  omitted. 

(3)  When  a  taj^e  is  supported  throughout  its  length,  as  when  lying 
on  a  horizontal  jilane  or  on  a  mural  standard,  n.^  in  formula  (2)  becomes 
infinite  and  /^  infinitesimal.  If  we  call  the  length  of  the  tape  in  this 
case  i(,  =  2  l^,  and  omit  the  suffixes  from  n-^  and  ly,  formula  (2)  gives — 

L,  —  ^l^~a^nf=  AL^,  say (3) 

This  formula  shows,  for  example,  that  tape  No.  85  when  supported  at 
equi-distant  intervals  of  10"^,  and  when  under  a  tension  of  25.5  lbs.> 
is  shorter  by  1.55"""  than  it  would  be  when  under  the  same  tension 
on  a  horizontal  surface. 

(4)  Lastly,  it  will  be  of  interest  to  have  an  expression  for  the  change 
in  length  of  a  tape  due  to  a  change  in  its  weight  per  unit  length.  Such 
a  change  may  occur  by  reason  of  a  deposit  of  dew  on  the  tape  or  from 
wear  of  the  same.  Let  Aw  be  the  change  per  unit  length,  or  the  incre- 
ment to  w;  and  let  the  corresponding  change  in  the  total  length  of  the 
tape  be  denoted  by  AL^.  Then,  assuming  as  above  that  the  number  of 
sections  of  the  tape  is  n,  and  that  their  lengths  are  each  I  approxi- 
mately   ^^  1  ,,      2      ^'t'  IA\ 

^  AL,  =  —  -—■  n  V"  ct 4 

^12  w  ^  ' 

This  formula  shows,  for  example,  that  when  tape  No.  85  is  sup- 
ported at  equi-distant  intervals  of  IC"  and  is  under  a  tension  of  25.5  lbs. ; 
or  when—  /  =  10"^ 

n  =  10, 
a^  =  372  X  10-^ 

/?X,  =  — 3.1"'™  X  -^. 

w 

Thus,  in  order  to  jiroduce  a  change  of  ttowtto  V^rt  in  the  tape's 

w 
length,  or  in  order  that  AL^  may  be  0.1'"™,  we  must  have  Aw  =  -^. 

FOBMUIiAS   FOB   COMPUTATION   OF   LeNGTH   OP   MEASURED   LiNE. 

Summation  of  Tape  Lengths  and  Correction  for  Temperature. — The 
formulas  of  the  preceding  section  give  the  actual  length  of  the  tape  in 
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terms  of  its  standard  length,  the  index  correction  to  the  balance,  etc. 
Such  actual  or  working  length  may  be  most  conveniently  expressed  in 
the  form — 

wherein  ^1  is  the  nominal  length  of  the  tape,  a  round  number  of  meters 
or  feet ;  a  is  a  small  excess  over  that  round  number  ;  a  is  the  rate  of 
expansion  of  the  tajje  ;  and  t  is  the  taj^e's  temperature  in  degrees  C. 
Then  the  sum  of  iV  such  lengths,  t  being  supposed  to  vary  from  one 
length  to  another,  will  be — 

2L  =  NA-\-  mi-\-  a2t (5) 

The  last  term  in  this  expression  is  the  correction  for  temperature 
of  the  tape.  As  here  given  it  assumes  that  the  t^s  have  been  corrected 
for  errors  of  the  thermometers  used.  Generally,  it  suffices  to  apply 
an  average  correction  to  the  observed  values  of  t  for  several  tape 
lengths,  since  the  temperature  does  not  often  change  much  during  the 
measurement  of  a  section  of  a  base. 

Corrections  for  Set- Ups  and  Set- Backs  and  End  Corrections. — These 
quantities,  which  are  usually  very  small,  are  measured  with  a  milli- 
meter or  other  suitable  scale.  Their  application  in  comj^uting  a 
measured  length  is  obvious. 

Correction  for  Grades. — The  correction  for  grade  is  computed  for 
each  tape  length,  such  length  having  a  unifoi-m  slope  from  end  to  end. 
The  difference  in  altitude  of  the  ends  of  the  tape,  or  the  difference  in 
altitude  of  the  corresponding  marking  tables,  is  measured  with  an 
engineer's  level.  Call  this  diflference  h.  The  length  of  the  tape  being 
L,  its  horizontal  projection  will  be— 


and  if  we  call  the  grade  correction  c, 


=-(^+«4.+-) («) 

Usually  the  first  term  of  this  series  suffices  when  a  long  tape  is 
used.     Thus,  for  a  100™  tape— 

-^  <  0.01™™  for  h  <  2.9™, 

so  that  for  such  a  tape,  in  all  ordinary  cases — 

c  in  millimeters  =  5  Qi  in  meters)^. 
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TEREESTRIAL  MAGNETISM  IN  NORTH  AMERICA. 


By  Chajrles  A.  Schott,  Assistant  U.  S.  Coast  and  Geodetic  Survey. 


Prepared    for    the    International     Engineering    Congress    of    the 
Columbian  Exposition,  1893. 


In  this  paper  it  is  proposed  to  give,  first,  an  historical  outline  from 
the  time  of  Columbus  to  our  own,  showing  the  gradual  accessions  to 
our  knowledge  of  terrestrial  magnetism,  with  sjiecial  reference  to 
North  America,  to  be  followed  by  an  exposition  of,  or  reference  to, 
the  numerous  laws  so  far  recognized,  with  more  or  less  certainty,  as 
governing  the  changes  in  the  direction  and  intensity  of  the  earth's 
magnetic  force  within  the  specified  region  and  period.  This  limita- 
tion is  essential  and  will  allow  more  space  for  the  jsresentation  of 
matter  which  may  be  of  special  interest  to  Americans. 

The  subject  under  consideration  commends  itself  to  our  attention, 
both  from  a  scientific  and  a  practical  point  of  view.  The  latter  relation 
is  obvious,  since  we  have  but  to  point  to  the  latest  evolution  in 
engineers'  activity,  viz.,  electrical  engineering.     Of  the  former,  it  is 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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proposed  liere  to  give  an  account  of  the  distribution  of  magnetism 
in  its  three  elements — declination,  dip  and  horizontal  force — as  well 
as  of  the  continual  changes,  periodic  or  secular,  to  which  they  are 
subject.  This  subdivision  is  a  matter  of  convenience  for  the  analysis 
as  well  as  for  the  instrumental  measure  of  the  magnetic  force.  The 
declinometer  (or  compass)  determines  the  direction  of  the  force  in  the 
horizontal  plane ;  the  inclinometer,  or  dip  circle,  the  direction  in  a 
vertical  plane  of  a  freely  suspended  magnetic  needle  ;  and  the  mag- 
netometer gives,  in  absolute  measure,  generally  expressed  in  units  of 
the  C.  G.  S.  system,  the  intensity  of  the  force  or  of  its  horizontal 
component ;  hence,  also,  the  vertical  component  and  the  total  in- 
tensity. 

Terrestrial  magnetism  considered  as  a  science  had  no  existence  in 
the  days  of  Columbus,  and  but  little  more  could  be  gathered,  in  his 
time,  of  magnetic  phenomena  than  the  ancient  knowledge  of  the 
attraction  of  the  lodestone  for  iron  and  its  directive  force.  The  dual 
character  of  the  magnetic  property  was  apparent  enough  ;  that  in  the 
southwestern  part  of  Europe  the  needle  (north-seeking  end)  pointed 
slightly  to  the  eastward  was  recognized,  and  it  was  believed  that  the 
declination  at  any  place  was  invariable. 

Not  to  refer  to  the  current  fable  of  a  magnetic  mountain  in  the 
north  as  the  cause  of  attraction,  even  Galileo,  at  a  much  later  period, 
thought  that  the  fixed  direction  of  the  earth's  axis  might  be  due  to 
magnetic  attraction  of  a  point  in  space. 

Yet  we  owe  to  Columbus  the  discovery  of  a  point  in  the  agonic 
curve  of  the  North  Atlantic  where,  on  September  13th,  1492,  in  lati- 
tude 4-28°  21'  and  in  longitude  29°  16'  west  from  Greenwich,  he 
noticed  that  the  variation  had  changed  from  the  east  to  the  west  side 
of  the  meridian.  The  declination  remained  westerly  to  the  end  of 
his  voyage  of  discovery.  He  was  closely  followed  by  Sebastian  Cabot 
(1497-98),  who  found,  farther  north  and  110  miles  west  of  Flores 
(Azores),*  a  second  point  of  the  same  agonic.  The  declination  along 
the  Atlantic  coast  of  North  America,  north  of  latitude  40^  (about), 
has  remained  westerly  to  this  day,  though  south  of  this  parallel  it  has 
changed  to  east&t'ly. 

A  century  after  Columbus,  Dr.  Gilbertf  (styled  the  father  of  the 

*  C.  &  G.  S.  Bulletin,  No.  6  (May,  1888). 

t  Appendix  No.  19,  C.  &  G.  S.,  Keport  for  1880. 
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magnetic  philosopliy)  published  in  1600,  his  celebrated  work,  "De 
Magnete. "  He  showed  the  earth  to  be  a  great  magnet  and  elucidated 
most  of  the  fundamental  facts  of  magnetism.  Thus  we  owe  to  him 
the  terms  "magnetic  poles,"  "axis,"  " magnetic  meridians, "  as  well  as 
"magnetic  latitudes"  (as  measured  by  the  dip  or  by  changes  in 
intensity). 

The  magnetic  dip  was  unknown  to  Columbus,  but  was  discovered 
by  Hartmann  in  the  year  1544*,  though  he  was  unable  to  measure  it; 
so  that  the  discovery  is  generally  ascribed  to  Norman,  in  the  year  1576, 
and  was  j)ublished  in  his  work,  "The  New  Attractive."  Unlike 
declination  observations  which  continued  to  be  made,  as  of  immediate 
necessity  to  the  seaman,  dip  observations  were  only  exceptionally 
noted  until  the  last  quarter  of  the  eighteenth  century,  after  which 
they  become  more  numerous,  A  far  more  difficult  jaroblem  to  solve 
than  that  involving  merely  direction  was  how  to  measure  the  intensity 
of  the  magnetic  force  ?  The  feebleness  of  the  force  in  the  earth's 
equatorial  region  as  compared  with  its  value  in  the  polar  regions, 
where  it  is  more  than  double  the  equatorial  value,  was  known  to 
Gilbert  (and  it  was  first  experimentally  proved  by  Lamanon,  from 
observations  made  in  1785-87)  ;  but  it  was  not  until  the  last  quarter  of 
the  eighteenth  century  that  even  relative  measures  were  practiced, 
though  earlier  attempts  had  been  made  to  this  end  by  counting  the 
oscillations  of  the  dipping  needle  (Graham,  1723),  or  of  the  horizontal 
needle  (Mallet,  1769). 

As  was  the  case  with  the  declination,  the  invariability  of  the  inten- 
sity of  the  earth's  magnetic  force  was  at  first  believed  in;  but,  when  the 
contrary  was  recognized,  the  difficulty  of  comparing  intensities  at  dif- 
ferent places  and  at  different  times  became  apparent,  not  to  mention 
the  further  complication  of  the  needle  gradually  parting  with  its  mag- 
netism. 

Humboldt,  during  his  travels  in  tropical  America  in  the  years  1798- 
1803,  noted  the  position  of  a  point  in  the  magnetic  equator  in  Peru,  and 
for  some  time  intensities  were  expressed  in  terms  of  the  intensity  at 
that  station.  Several  systems  of  measures,  relative  and  absolute, 
were  in  use  by  different  nations;  but,  at  the  present  time,  the  C.  G.  S. 
system,  proposed  in  1881,  has  gained  general  acceptance.  We  may 
pass  by  here  the  several  theories  on  terrestrial  magnetism  that  were 

*  Dr.  R.  Wolf's  Taschenbuoh,  Zurich,  1877. 
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advanced  before  the  time  of  Gauss,  In  a  memoir  published  by  him  in 
1833,  he  showed  how  the  magnetic  intensity  could  be  expressed  in  ab- 
solute measure,  and  in  1838  appeared  Gauss'  "Theory  of  Terrestrial 
Magnetism."*  This  theory  is  styled  by  the  late  Sir  G.  B.  Airy  "one 
of  the  most  beautiful  and  the  most  important  that  has  appeared  for 
many  years  in  physical  mathematics." 

In  this  treatise  the  general  theory  of  terrestrial  magnetism  is  devel- 
oped independently  of  any  particular  hypothesis  as  to  its  nature  and 
distribution,  but  the  magnetic  force  at  any  place  is  supj)osed  due  to 
the  collective  action  of  all  the  magnetic  particles  of  the  earth's  mass. 
«s  After  developing  the  magnetic  potential  as  a  function  of  three  vari- 
ables in  space,  he  determines  its  value  for  any  point  of  the  surface  and 
develops  the  expressions  for  the  three  components  of  the  magnetic  force, 
whence  for  any  place  the  declination,  dip  and  intensity  may  be  calcu- 
lated. Magnetic  data  observed  at  but  12  points  were  employed,  and 
the  24  coefficients  needed  to  include  magnitudes  of  the  fourth  order  of 
development  were  calculated.  The  treatise  is  accompanied  by  a  series 
of  isomagnetic  charts.  Notwithstanding  the  paucity  of  observations, 
the  irregularity  of  their  distribution  in  space,  and  their  want  of  simul- 
taneity (the  epoch  being  approximately  1830),  this  first  attempt  was  a 
signal  success.  The  reduction  was  repeated  with  better  data  in  1874 
by  Erman  and  Petersen;  in  1881  by  Icilius,  and  in  1885,  with  greatly 
extended  material,  by  Dr.  Neumayer.  These  authors  confine  them- 
selves to  the  same  order  of  terms  as  Gauss,  and  there  seems  to  be  no 
immediate  need  to  include  those  of  the  fifth  order  (or  35  in  all).  What 
appears  to  be  of  more  importance  in  a  new  attempt  is  the  elimination 
of  the  local  irregularities  by  excluding  from  the  data  all  stations  thus 
aflfected.  Staff  Commander  Creak,  R.  N.,  pointed  out  some  remarkable 
regions  of  disturbances;  among  these,  the  Bermuda  Islands,  likewise 
the  Hawaiian  group.  But  the  greatest  deviation  of  the  needle  due  to 
local  causes  was  recently  discovered  at  a  place  off  the  east  coast  of 
Australia.  It  would  seem  that  the  magnetism  in  excess  of  the  normal 
at  these  local  foci  is  of  the  same  character  as  that  of  the  pole  of  the 
respective  magnetic  hemisphere. 

Local  disturbances  were  particularly  studied  and  charted  by  Riicker 
and  Thorpe  in  connection  with  their  magnetic  survey  of  the  British 

*  For  an  English  translation  of  it  see  Taylor's  "  Scientific  Memoirs,"  Volume  II.    Lon- 
don, 1841. 
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Isles  in  1886.  In  the  United  States,  Kentucky  apparently  shows  local 
deflections  on  a  large  scale,  but  these  and  a  large  number  of  smaller 
districts  of  disturbances  remain  yet  to  be  developed  or  recognized. 
Gauss'  theory  as  dependent  on  observations  proves  that  there  are  but 
two  magnetic  poles  on  the  globe,  and  there  could  not  be  any  odd  num- 
ber. Halley's  conception  of  four  poles  was  announced  at  a  time  when 
but  a  few  observations  of  the  declination  and  inclination  and  none  at 
all  of  the  intensity  had  been  made,  and  is  obscured  by  confounding 
poles  with  foci  of  maximum  intensity,  the  latter  in  the  Northern  hemi- 
sphere being  two  large  regions,  one  (the  stronger)  west  of  Hudson 
Bay,  the  other  in  Central  Siberia.  These  foci  seem  to  be  in  some  way 
related  to  regions  of  maximum  cold. 

Among  the  best  known  and  comprehensive  isomagnetic  charts  we 
mention  Hanstein's  isogenic  charts  for  the  epochs  1600,  1700  and  1800; 
Edm.  Halley's  "Tabula  Nautica,"  anno  1700,*  comprising  mainly  the 
Atlantic  and  Indian  oceans.  The  Philosophical  Transactions  of  the 
Koyal  Society,  Vols.  158,  162,  165,  and  167  (years  1868  to  1877)  contain 
Sir  Edward  Sabine's  great  collection  and  isomagnetic  charts  (declina- 
tion, dip  and  intensity)  of  observations  embracing  the  earth's  surface, 
the  epoch  being  between  1840  and  1845.  For  modern  charts  showing 
the  distribution  of  magnetism  over  the  globe,  the  reader  may  consult 
the  admirable  series  of  charts  for  epoch  1885  in  Berghaus'  "  Physical 
Atlas,"  3d  Ed.,  published  in  1892,  Art.  Erdmagnetismus. 

For  the  development  of  the  theory  of  terrestrial  magnetism,  a 
knowledge  of  the  position  of  the  jjoles  is  of  great  moment;  hence, 
direct  observations  in  their  vicinity,  as  far  as  accessible,  are  especially 
valuable,  yet,  notwithstanding  the  greater  experience  and  less  danger 
now  in  Arctic  traveling  than  was  the  case  half  a  century  ago,  the  bold 
dash  of  Sir  James  Ross  to  the  American  pole  on  the  shore  of  Boothia, 
in  the  spring  of  1831,  has  not  been  repeated,  and  we  are  yet  almost  in 
total  ignorance  whether  or  not  the  pole  holds  a  nearly  fixed  position 
or  is  subject  to  secular  motion,  to  clear  up  which  a  magnetic  expedi- 
tion to  this  region  would  be  highly  desirable,  f  To  accomplish  this 
eflfectively  science  would  now  demand  a  complete  magnetic  survey  of 
the  region  surrounding  the  pole. 

♦Reproduced  in  the  Greenwich  Astronomical  Observations  for  18('i9. 

t  The  reader  desirous  of  further  information  on  this  matter  mjy  consult  the  article 
"An  Expedition  to  the  Northern  Magnetic  Pole,"  a  discussion  before  the  American  Geo- 
graphical Society,  May  2d,  1892,  in  "  Bulletin  of  the  Society,"  Vol.  XXIV,  No.  2,  June  30th, 
1892. 
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The  late  explorer,  Lieutenant  Schwatka,  tliouglit  he  had  evidence 
that  in  1879-80  the  position  of  the  pole  was  to  be  found  several  degrees 
to  the  westward  of  the  place  where  Koss  had  previously  located  it. 
To  locate  the  position  of  the  American  focus  of  maximum  total  intensity 
is  from  the  nature  of  the  case  impracticable,  and  local  irregularities  of 
distribution  would  defeat  any  attempt. 

The  discussion  of  the  variations  of  magnetic  force,  especially  at 
the  observatories  supplied  with  automatical  (by  photography)  regis- 
tering instruments,  confirmed  and  extended  our  knowledge  of  the 
intimate  connection  of  the  changes  of  the  needle  with  certain  solar 
phenomena  brought  about  probably  by  an  inductive  action  of  solar 
(electro-magnetic)  radiation,  as  seen  in  the  magnetic  inequalities  exhib- 
ited in  the  daily,  annual  and  sun-spot  cycles,  as  well  as  in  solar  rota- 
tion, and  at  times  in  irregular  disturbances.  Broun  was  the  first 
to  derive  the  synodic  period  of  the  solar  rotation  (about  26  days)  from 
the  magnetic  observations  at  Makerstoun  (1811  4.5) ;  he  was  followed  by 
Hornstein  and  other  investigators  who  extended  the  research  to  the 
records  of  the  several  self-registering  variation  instruments. 

Kreil,  in  1841,  and,  independently,  Broun,  pointed  out  that  a  lunar 
irregularity  could  be  traced  in  the  magnetic  records.  Thus  magnetism 
came  to  be  regarded  as  a  cosmical  force  influencing,  probably  by 
inductive  interaction  through  the  medium  of  the  ether,  the  supi:»osed 
magnetic  condition  of  the  larger  as  well  as  the  subordinate  bodies 
revolving  about  the  sun.  The  analysis  of  the  stream  lines  seen  in  the 
structure  of  the  solar  corona  during  eclipses  led  Professor  Bigelow  to 
the  conclusion*  that  coronal  poles  do  not  lie  at  the  extremity  of  its 
axis  of  rotation,  and  supposing  a  solar  inductive  action  on  terrestrial 
magnetism,  the  synodic  revolution  of  the  sun,  about  26  days  as  deduced 
from  the  observed  inequalities,  might  be  accounted  for  by  the  periodic 
alternate  presentation  of  the  northern  and  southern  solar  pole  towards 
the  earth.  Becentlyf  A.  Ricco  has  shown  that  the  passage  of  large 
sun  spots  over  the  central  meridian  of  the  sun  is  generally  followed 
by  a  terrestrial  magnetic  disturbance,  the  retardation  being  about  45j 
hours. 

We  may  now  briefly  refer  to  the  sources  whence  our  magnetic  mate- 

*  "  American  Journal  of  Pcience,"  Vol.  XLII,  July,  1891.  See,  also,  his  cotes  on  a  new 
method  for  the  discussion  of  magnetic  observations,  U.  S.  Dept.  of  Agriculture;  Weather 
Bureau  Bulletin,  No.  2,  July,  1892. 

t  "Astronomy  and  Astro-Physics,"    January,  1893. 
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rial  for  North  America  is  chiefly  derived.  The  earlier  records  are 
necessarily  from  navigators  and  are  restricted  to  declinations  (variation 
of  compass) ;  it  was  only  at  a  later  period,  when  it  became  customary 
among  maritime  nations  to  send  out  exploring  expeditions,  that  the 
elements  of  dip  and  intensity  were  added  to  the  record.  We  have  but 
space  to  mention  a  few  leading  names.  For  the  East  Coast,  the  Gulf 
and  West  Indies :  Hudson  in  his  third  voyage,  1609,  skirted  the  Atlantic 
coast  from  Maine  to  North  Carolina,  Champlain  (1604-12)  coasted  be- 
tween Nova  Scotia  and  Cape  Cod,  and,  later,  Bayfield,  Orlebar,  Barnett, 
Home,  Milne  and  many  others.  For  the  Pacific  Coast  and  Alaska: 
Drake  (1579  on  the  coast  of  New  Albion,  now  California),  Bering 
(1727-29  in  Alaskan  waters),  Cook  (1768-80),  La  Perouse,  Malaspina, 
Vancouver  (1790-95),  Kotzebue,  Beechy,  Liitke,  Erman  (1828-30), 
Belcher,  Wilkes  (1841),  Maguire  (1852-54)  and  Lieutenant  P.  H.  Eay 
(1881-83),  both  at  Point  Barrow. 

For  the  Arctic  Region  of  North  America  we  meet  with  Baffin  (1616), 
James  and  John  Ross  (1818),  Parry  (1820-25),  Franklin,  Dr.  Kane 
(1853-55),  Dr.  Hayes  (1860-61),  Hall  (1871),  Nares  and  Markham 
(1875-76),  Lieutenant  A.  W.  Greely  (1881-84)  and  other  explorers. 

There  were  five  stations  located  in  North  America  by  the  representa- 
tives of  several  nations  taking  part  in  the  International  Polar  Research  of 
1882-83;  they  were  Fort  Conger,  Arctic  America,  in  charge  of  Lieutenant 
Greely;  Fort  Uglaamie,  Point  Barrow,  Alaska,  in  charge  of  Lieutenant 
Ray  (United  States);  Kingua  Fjord,  Labrador  (German);  Godthaale, 
Greenland  (Danish),  and  Fort  Rae,  British  Possessions  (English).  At 
these  stations  an  enormous  number  of  observations  was  accumulated 
and  still  awaits  further  discussion. 

Of  land  expeditions,  that  of  Lieutenant  Lefroy  in  Canada  and  the 
Hudson  Bay  Company's  Territory  was,  perhaps,  the  most  extensive.* 
Thomas  Simpson  and  Lieutenant  Younghusband  also  made  many 
observations  in  the  British  Possessions.  In  the  United  States  we  have 
to  mention  the  exjjedition  of  Major  Long,  U.  S.  A.  (1819),  the  explora- 
tion tours  of  Prof .  Nicollet  (1832-36),  Dr.  Locke  (1838-43),  Prof.  Loomis 
(1838-41)1,  Dr.  Bache,  Friesach  (1856-57),  and  other  names.  The  ob- 
servations made  by  army  officers  in  charge  of  the  geographical  surveys 
west  of  the  100th  meridian  are  very  numerous,  as  are  also  the  observa- 

*  Diary  of  a  Magnetic  Survey,  etc.,  during  1842-44.    London,  1883. 

t  For  his  extensive  collection  of  observations,  see  "  Sill.  Jour."  Vol.  XXXIV,  1838,  and 
Vol.  XXXIX,  1840. 


SCHOTT  ON  TEREESTKIAL  MAGNETISM.  115 

tions  due  to  the  U.  S.  Lake  Sui-vcy,  the  U.  S.  Coast  and  Geodetic 
Survey,  and  the  surveys  of  the  Public  Lauds;  further,  we  have  the 
results  from  the  surveys  of  International  boundaries  as  vs^ell  as  inter- 
state boundaries  and  the  jjublication  of  the  State  surveys  in  charge  of 
geologists;  as,  New  York  (Regents'  Eeports),  Pennsylvania,  New  Jer- 
sey*; perhaps  the  most  complete  magnetic  survey  of  a  State  is  that  of 
Missouri,  by  Prof.  F.  E.  Nipher,  of  Washington  University,  St.  Louis 
(1878-82) ;  also,  the  magnetic  surveys  made  under  the  direction  of  the 
National  Academy  of  Sciences,  1871-76,  and  a  great  variety  of  other 
sources,  notably  those  published  by  societies,  associations,  or  from 
records  or  deeds,  books  of  travels,  historical  works,  and  lastly  from 
surveyors  in  general.  Respecting  the  manner  of  conducting  magnetic 
surveys  there  are  two  ways  of  proceeding,  first,  one  or  more  parties  to 
accomplish  the  work  proposed  in  a  period  of  a  few  years;  this  will  an- 
swer for  a  small  area  and  should  be  repeated  at  intervals  of,  say,  a 
quarter  of  a  century,  in  order  to  ascertain  the  secular  changes  (as  au 
illustration  we  possess  three  magnetic  surveys  of  Great  Britain) ;  or, 
secondly,  in  the  case  of  an  extended  territory,  as,  for  instance,  that  of 
the  United  States,  observations  made  at  any  time  within  the  area  are 
collected  and  reduced  to  any  desired  common  epoch  by  means  of  the 
known  secular  change;  this  demands  a  close  study  of  the  secular  varia- 
tions to  be  had  only  from  extended  records  at  certain  selected  stations. 
This  last  course  has  been  jjursued  by  the  U.  S.  Coast  and  Geodetic 
Survey  for  the  purpose  of  supplying  its  charts  with  the  declination  for 
the  epoch  of  publication,  together  with  the  annual  change. 

Returns  have  been  made  from  the  following  magnetic  observatories 
(with  dates  added  when  founded  and  discontinued)  : 

1.  Philadelphia,  Girard  Coll. ,  Pa 1840-45 

2.  Toronto,  Canada 1840-93 

3.  Sitka,  Japonski  Island,  Alaska 1842-67 

4.  Key  West,  Florida 1860-66 

5.  Habana,  Colegio  de  Belen 1863-93 

6.  Madison,  Wisconsin 1878-81 

7.  Mexico,  Observatorio  Central 1879-93 

8.  Los  Angeles,  California 1882-89 

9.  Washington,  D.  C,  U.  S.  Naval  Observatory..   1888-93 
10.  San  Antonio  (two  stations),  Texas 1890-93 

*  Prof.  G.  H.  Cook,  Trenton,  1888. 
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The  results  collected  by  the  U.  S.  C.  and  G.  Survey  number 
several  thousands  ;  of  these,  1  245  declinations  were  discussed  for 
secular  variation  (see  Appendix  No.  7,  C.  and  G.  Survey  Report  for 
1888,  7th  Edition),  and  the  results  at  3  237  stations  will  be  found, 
discussed  and  chartered  (isogenics)  with  respect  to  distribution  in 
Appendix  No.  11,  Report  of  1889 ;  the  dips  (about  2  000)  and  inten- 
sities (about  1  500)  are  given  and  discussed  in  Appendix  No.  6, 
Report  for  1885,  accompanied  by  isoclinic  and  isodynamic  charts. 
We  shall  devote  the  small  space  remaining  to  the  exposition  of  some 
of  the  laws  of  variation  and  distribution  of  the  magnetic  force  within 
our  geographical  limits  possessing  special  general  interest. 

It  is  a  matter  of  common  observation  that  a  magnet,  when  light  and 
delicately  suspended,  is  seldom  or  never  at  rest,  but  is  continually 
shifting  its  direction.  This  motion  consists  of  oscillations  of  various 
periods,  of  tremors  and  occasionally  of  outbursts  of  violent  and 
irregular  changes  due  to  the  so-called  magnetic  storms ;  the  varia- 
tions in  intensity  are  of  the  same  character. 

The  variations  from  the  normal  values  are  studied  by  means  of  dif- 
ferential instruments,  those  of  the  intensity  demanding  two,  viz. :  one  for 
the  horizontal  component,  the  other  for  the  vertical  component;  hence, 
any  laws  to  which  these  are  subject  have  their  counterparts  in  the  dip 
and  total  intensity.*  In  general,  declinations  and  intensities  are  sub- 
ject to  the  same  periodic  and  non-periodic  fluctuations,  and  hence, 
give  rise  to  similar  laws. 

Beginning  with  the  solar  diurnal  variation,  its  phase  depends  on 
local  time  and  its  character  is  but  slightly  affected  by  geographical 
position,  except  in  the  higher  magnetic  latitudes.  About  sunrise  the 
north  end  of  the  horizontal  needle  is  generally  found  ajjproaching  to  or 
near  its  most  easterly  deviation  from  the  magnetic  meridian.  This 
extreme  is  reached  at  8  o'clock  a.  m.  (about),  the  deflection  being 
about  3i'.  The  north  end  of  the  needle  then  turns  to  the  westward 
and  reaches  the  second  or  westernmost  extreme  a  little  before  1^ 
o'clock  p.  M.,  the  deflection  being  about  3^';  hence,  total  diurnal 
range,  6|'.  The  return  motion  is  during  summer  slightly  interrupted 
by  a  small  retarding  wave  during  the  night.  The  normal  value  of 
the  declination  is  reached  at  10 J  o'clock  a.  m.,  very  nearly,  shifting 
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from  about  10  o'clock  a.  m.  in  summer  and  to  11^  o'clock  a.m.  in  winter; 
the  times  of  elongation  and  the  hourly  values  are  likewise  subject  to 
an  annual  inequality;  also  the  range  which  in  January  is  a  minimum 
and  in  August  a  maximum,  when  it  is  double  the  former  value.  There 
are  but  few  days  in  the  year  when  this  diurnal  variation  is  not 
noticeable  or  it  may  be  obscured  by  irregular  motions,  and  these 
happen  generally  in  the  winter  season. 

The  annual  variation  of  the  declination  consists  of  a  small  inequality 
with  a  range  of  about  one  minute  of  arc.  The  diurnal  variation  is  also 
subject  to  a  long  period  inequality,  i.  e.,  the  sun-spot  cycle  of  about  11 
years,  the  observed  diurnal  range  being  smallest  in  years  of  minimum 
spot  activity  and  largest  in  years  of  maximum  activity,  with  a  gradual 
change  from  one  epoch  to  the  other,  the  ratio  being  about  1  to  1^. 

The  variation  depending  on  the  solar  rotation  is  small  in  the  lower 
latitudes;  thus  at  Los  Angeles,  Cal.,  it  is  but  2i"  either  way  from  the 
normal  direction,  but  it  becomes  large  for  stations  near  the  magnetic 
pole.     The  resulting  synodic  period  is  about  26  days. 

The  lunar  inequalities  exhibited  in  the  declination  are  likewise 
of  small  amplitude,  but  have  the  peculiarity  of  producing,  similar 
to  tidal  action,  two  maxima  and  two  minima  in  each  lunar  day  (about 
25  solar  hours),  but  there  is  no  reflex  action  perceptible  in  any  way 
related  to  the  sun-spot  cycle.  The  angular  deflection  (half  range)  is 
about  10"  varying  between  5"  and  20"  at  different  stations.  There  is 
an  annual  inequality  in  the  lunar  diurnal  variation,  both  in  times  of 
phase  and  in  range,  depending  on  the  seasons  when  the  sun  is  north 
and  when  south  of  the  equator.  Further,  there  is  an  effect  on  the  de- 
clination which  depends  on  the  moon's  place  in  its  orbit  and  relative 
to  the  sun  which  is  as  yet  not  satisfactorily  demonstrated. 

The  declination  change  due  to  the  varying  phases  of  the  moon  has 
also  been  studied,  the  range  between  full  and  new  moon  being  about 
9";  the  change  due  to  the  variations  in  the  moon's  declination  amounts 
to  about  the  same  value,  but  the  parallactic  inequality  ranges  only  2" 
between  apogee  and  perigee.* 

Of  great  importance  to  the  physicist,  as  well  as  to  the  surveyor,  is 
the  secular  variation  of  the  declination ;  it  is  probably  of  periodic  char- 
acter, but  composed  of  many  subperiods,  and  is,  hence,  of  great  com- 
plexity, which  renders  any  predictions  of  more  than  a  few  years  ahead  a 

*  See,  for  instance,  Appendix  No.  9,  Report  for  1890. 
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rather  hazardous  matter.  In  our  complete  ignorance  of  its  cause, 
its  laws,  so  far  as  they  have  become  apparent,  could  only  be  derived 
from  a  tentative  study  of  the  records  extending  over  long  periods  or 
centuries.  Appendix  No.  7,  C.  &  G.  S.,  Eeport  for  1881  (of  312  4to 
pp.),  is  specially  devoted  to  this  subject.  Thus  far  it  was  found 
sufficient  to  express  the  law  of  change  of  the  declination  by  a  periodic 
function  with  one  or  more  terms  of  periodicity,  so  that  in  the  most 
simple  case  four  unknown  quantities  had  to  be  determined  from  the 
observations  by  the  method  of  least  squares,  namely,  the  normal  value 
and  the  length,  parameter  and  phase  of  the  wave.  The  periods  de- 
manded by  the  observations  range  from  about  250  years  to  about  350 
years  according  to  geographical  position,  but  outside  our  geographical 
limits  the  range  is  more  than  double  the  smallest  given  above  (which 
holds  for  our  Atlantic  coast  stations). 

The  amplitude  of  the  secular  swing  varies  from  a  few  degrees  to  an, 
as  yet,  unknown  amount.  The  motion  of  the  phase  is  very  curious; 
thus,  we  find  the  years  of  the  last  occurrence  of  the  stationary  phase  of 
extreme  minimum  west  elongation  (or  of  its  extreme  maximum  east 
declination),  as  follows  : 

At  Halifax,  N.  S about  1714 


Eastport,  Me 

Boston,  Mass 

Philadelphia,  Pa. . . 

St.  Louis,  Mo 

Salt  Lake,  Utah.   . 
San  Francisco,  Gal. 


1753 
1780 
1802 
1822 
1873 
1893 


The  secular  variation  wave  thus  swept  across  the  country  from  east 
to  west,  but  apparently  it  took  a  century  to  do  this.  How  far  this 
movement  will  continue  it  is  impossible  to  say. 

More  complicated  than  the  variations  noted  above  are  the  so-called 
disturbances.  These  have,  so  far,  only  been  treated  successfully  by  the 
statistical  method;  but  their  very  separation  from  the  general  mass  of 
observations  is  a  matter  of  difficulty  about  which  opinions  differ.  The 
best  method  yet  devised,  in  the  writer's  opinion  and  one  followed  by 
him,  is  that  of  Lloyd  and  Sabine.  Disturbances  may  occur  at  any 
time;  they  cannot  be  predicted;  they  are  sudden,  with  rapid  and  great 
fluctuations,  amounting   sometimes   to   several  degrees  of  deflection 
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they  have  been  observed  in  connection  with  luminous  outbreaks  on 
the  solar  surface;  they  often  take  place  over  large  parts  or  even  over 
the  whole  surface  of  the  globe  simultaneously;  they  may  last  a  few 
hours  or  may  continue  even  for  three  or  more  days;  they  are  often 
accompanied  by  auroral  lights  and  by  strong  earth  currents.  When 
analyzed,  they  exhibit  a  solar  diurnal  variation,  the  westerly  and  the 
easterly  disturbances,  however,  following  different  laws.  They  have 
also  an  annual  variation  and  seem  to  depend  largely  on  the  sun-spot 
cycle;  they  exhibit  themselves  more  conspicuously  at  certain  hours  of 
the  day.  But  space  forbids  to  follow  up  these  minutiae,  and  we  shall 
have  to  content  ourselves  with  the  statement  that  laws  in  all  respects 
similar  to  those  mentioned  above  for  the  declination  hold  good  also  for 
the  horizontal  and  the  vertical  components  of  the  magnetic  force. 

The  variations  of  intensity,  however,  do  not  obtrude  themselves  on 
the  attention  of  the  surveyor;  it  is  only  at  laboratories  or  in  special  in- 
vestigation (scientific  research)  that  they  must  be  taken  into  account. 

If  this  brief  outline  of  a  branch  of  terrestrial  physics  should  prove 
to  be  the  means  of  directing  renewed  attention  to  it,  the  preparation 
of  this  article  would  be  well  repaid. 
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FUNDAMENTAL   UNITS   OF  MEASURE. 


By  T.   C.  Mendenhall,  Superintendent  of  the  U.   S.   Coast  and 
Geodetic  Survey. 


Prepared   for   the    International    Eng'ineering'    Congress  of  the 
Columbian  Exposition,  1893. 


Engineering  is  the  art  of  construction;  but  to  limit  it  to  this  would 
be  to  restrict  its  meaning  much  within  the  range  of  the  ordinary  use 
of  the  word.  In  a  broader  sense,  engineering  includes  all  operations 
■whose  object  is  the  utilization  of  the  forces  of  Nature  in  the  interests 
of  man.  It  is  both  an  art  and  a  science,  and  as  a  science  it  consists 
for  the  most  jjart  of  mathematics  applied  to  i)hysics  and  mechanics. 
It  is  of  necessity,  therefore,  a  measuring  science,  and  a  congress  of 
engineers  ought,  in  the  nature  of  things,  to  be  interested  in  anything 
relating  to  progress  in  metrology. 


Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  lor  December,  1893. 
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Fortunately  tlie  literature  of  this  subject  is  neither  scanty  nor  diffi- 
cult of  access.  Much  attention  has  been  given  to  it  in  all  parts  of  the 
world  during  the  last  half  of  this  century,  and  in  the  United  States 
esi3ecially  numerous  and  valuable  papers  and  reports  ujion  the  sub- 
ject of  weights  and  measures  have  appeared  during  this  period. 
Indeed,  it  would  be  difficult,  if  not  impossible,  to  contribute  to  either 
the  historical  or  the  controversial  aspect  of  the  question  anything  new 
and  of  notable  value. 

In  sjjite  of  an  extensive  and  widely  circulated  literature,  however, 
it  is  very  distinctly  in  evidence  that  the  origin  and  genesis  of  the  units 
of  measure  in  customary  use  in  the  United  States  and  among  most 
English-speaking  people,  and  their  relation  or  want  of  relation  to  each 
other,  are  matters  concerning  which  many  engineers  are  not  well 
informed. 

Perhaps  not  a  large  majority  of  members  of  the  profession  in  good 
standing  would  be  able  to  answer  accurately  the  question,  What  is  a 
yard  ?  or  What  is  a  pound  ?  In  view  of  this  fact,  no  excuse  need  be 
offered  for  presenting  a  statement  of  facts  relating  to  fundamental 
standards  in  this  country  at  the  present  time,  and  for  the  sake  of 
clearness  this  statement  will  be  j)refaced  by  a  brief  consideration  of 
the  principles  involved  in  the  evolution  and  selection  of  standards, 
together  with  a  resume  of  genealogical  history,  showing  their  origin 
and  ancestry.  Of  the  latter  little  detail  will  be  given,  as  the  extensive 
and  easily  accessible  literature  upon  the  subject  renders  it  unneces- 
sary. 

The  measure  of  a  magnitude  is  its  numerical  evaluation.  In  a 
direct  way  this  is  accomplished  by  ascertaining  how  many  times  it 
contains  another  magnitude  of  the  same  kind  or  nature,  which  is 
adopted  as  a  unit.  Thus  a  length  is  selected  as  a  unit  for  the  meas- 
urement of  length,  a  volume  for  the  measurement  of  volume,  a  time 
for  time  measurement,  and  so  on.  At  first  it  seems  that  this  condition 
of  sameness  of  the  unit  and  the  thing  measured  is  a  necessity.  A  little 
reflection  will  show,  however,  that  it  is  open  to  the  objection  that  it 
naturally,  although  perhaps  not  necessarily,  leads  to  an  almost  indefi- 
nite multiplication  of  independent  units.  The  discovery  and  develop- 
ment of  inter-relations  among  measurable  magnitudes,  which  has 
gone  on  from  the  earliest  times,  has  tended  towards  a  reduction  in  the 
number   of  units  and,  consequently,  to  a  great  simplification  of  the 
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whole  subject  of  metrology.  So  simple  and  evident  a  device  as  relating 
tlie  unit  of  volume  to  the  unit  of  length  has  only  been  satisfactorily 
realized  in  comparatively  modern  times;  and,  with  a  single  exception, 
it  may  be  affirmed  that  units  of  volume  now  in  use  were  originally  in 
no  way  related  to  units  of  length,  most  of  them  being  of  accidental 
and  now  unknown  origin. 

That  a  legal  bushel  in  the  United  States  must  contain  2150.42  cu. 
ins.  is  convincing  evidence  that  the  foot  or  the  yard  has  no  place  in  its 
ancestry,  and  although  there  is  a  plausible  exi^lanation  of  the  fact  that 
a  gallon  contains  231  cu.  ins. ,  it  points  only  to  a  modified  volume  and 
not  a  selected  one. 

Many  interesting  illustrations  of  the  great  advantage  gained  by 
neglecting  the  principle  that  "like  measures  like  "  might  be  given,  and 
one  or  two  will,  perhaps,  be  found  instructive.  In  observing  that 
property  of  matter  known  as  "conductivity,"  either  as  to  heat  or  elec- 
tricity, qualitative  or  relative  conclusions  were  for  a  long  time  all  that 
was  required.  It  was  at  first  sufficient  to  say  and  to  know  that  one 
substance  conducted  heat  or  electricity  better  or  worse  than  another, 
but  with  the  advance  of  knowledge  of  physics  it  became  desirable  and 
often  necessary  to  give  numerical  expression  to  these  relations.  In 
such  cases  as  this  the  practice  has  usually  been  to  select  some  jDartic- 
ular  substance  which  possesses  the  property  in  question  in  a  higher 
or  in  a  lower  degree  than  any  other  and  adopt  it  as  a  standard.  Thus 
barely  a  quarter  of  a  century  ago  conductivities  of  diflfei'ent  bodies  for 
heat  or  electricity  were  expressed  in  terms  of  copper  or  silver  ;  a  lamp- 
black surface  was  the  standard  for  radiation  or  absorption  and  in  most 
instances  the  standard  was  arbitrarily  rated  at  100.  The  literature  of 
science  contains  many  examples  of  elaborate  and  otherwise  valuable 
investigations  which  are  rendered  quite  worthless  by  the  uncertain  and 
unscientific  units  of  measure  employed.  An  example  of  the  i3ersistent 
use  of  this  principle  is  to  be  found  in  the  still  common  mode  of  ex- 
pressing the  density  of  matter,  by  referring  it  to  the  density  of  a 
certain  kind  of  matter,  namely  water,  the  numerical  representation  of 
the  ratio  being  known  as  "specific  gravity."  It  has  taken  some  years 
for  even  scientific  men  to  fully  appreciate  the  objectionable  features  of 
this  sort  of  metrology,  because  it  has  required  some  time  to  prove  be- 
yond doubt  that  all  kinds  of  copper  or  silver  do  not  conduct  alike, 
nor  do  all  samples  of   lampblack  radiate  alike  ;  and  also  that  the  con- 
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ditions  under  wliicli  the  density  of  water  is  constant  are  difficult  of 
realization. 

Another  factor  which  has  been,  up  to  a  very  recent  time,  of  first 
importance  in  the  selection  of  standards,  is  the  tendency  to  seek  in 
Nature  something  of  constant  dimensions  or  invariable  mass  which 
possesses  that  general  availability  essential  to  adoption  as  standard. 
The  nomenclature  of  metrology  bears  testimony  to  this.  In  our  own 
customary  system  of  weights  and  measures,  the  occurrence  of  such 
units  as  the  foot,  hand,  grain,  ell,  etc.,  tells  of  the  frequent  recourse 
to  natural  units.  This  is  not  alone  characteristic  of  earlier  and  ruder 
systems,  but  in  modern  metrology  we  have  recorded  the  efforts  of 
scientific  men  to  realize  this  theoretically  desirable  condition  in  the 
selection  of  the  quadrant  of  the  earth,  the  length  of  a  seconds  jaendulum 
and  the  wave  length  of  a  particular  kind  of  light  for  linear  standards. 
The  only  natural  standard  which  uj)  to  this  time  can  be  said  to  have 
satisfied  the  requirements  is  the  unit  of  time,  which  is  the  sidereal  day. 
This  might  itself  be  considered  a  derived  rather  than  a  fundamental 
unit,  and,  indeed,  it  is  difficult  to  conceive  of  any  time  unit  other  than 
one  based  on  motion.  The  motion  of  the  earth  is  assumed  to  be  a 
uniform  rotatory  motion,  and  the  unit  is  the  duration  of  a  single  revo- 
lution. Vibratory  or  periodic  motion  seems  to  offer  many  advantages 
as  a  time  standard,  and  various  forms  have  been  suggested  from  time 
to  time.  It  has  been  shown  that  the  period  of  a  freely  suspended 
invariable  pendulum  furnishes  in  practice  a  more  uniform  and  constant 
time  unit  than  the  best  clocks  or  chronometers.  All  standards  of  this 
type  depend  on  the  persistence  of  gravity,  however,  and  of  this  we 
cannot  be  assured.  The  prime  requisites  of  a  standard  are  constancy 
and  universal  availability,  and  as  the  present  time  unit,  the  sidereal 
day,  possesses  these  in  a  high  degree,  it  is  not  likely  that  it  will  soon 
be  supplanted.  It  would  be  extremely  desirable,  however,  if  a  unit 
of  time  could  be  devised  which  would  survive  such  terrestrial  or  celes- 
tial disturbances  as  would  materially  alter  the  revolution  of  the  earth 
upon  its  axis.  Something  of  this  kind  is  necessary  if  time  observa- 
tions made  during  the  present  cycle  are  to  be  available  in  future  ages, 
and  it  is  jsossible  that  the  determination  of  the  relation  of  the  wave 
length  of  light  to  the  generally  accepted  unit  of  length  may  indirectly 
furnish  a  time  unit  possessing  this  characteristic  in  a  high  degree. 

The  greatest  advance  in  the  science  of  metrology  in  modern  times 
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is  essentially  due  to  Gauss,  and  it  consists  of  the  so-called  "  absolute  " 
system  of  measurement.  Quite  as  much  as  to  the  author  of  this 
ingenious  system  metrologists  are  indebted  to  the  celebrated  British 
Association  Committee  on  Units,  led  by  Lord  Kelvin,  and  including 
such  men  as  Clerk  Maxwell,  Foster,  Stoney,  Fleeming  Jenkin, 
Siemens,  Bramwell,  Adams,  Balfour  Stewart  and  Everett.  Evincing 
a  freedom  from  national  prejudices  worthy  of  the  distinguished  body 
which  they  rejiresented,  this  committee  placed  the  system  of  Gauss 
ujDon  a  firm  and  enduring  basis  by  deriving  its  fundamental  units  from 
the  only  system  of  weights  and  measures,  which,  starting  from  a 
scientific  basis  and  constructed  iipon  scientific  principles,  has  ever 
found  favor  among  a  considerable  number  of  peoi)le,  and  which  has 
now  become  well-nigh  universal. 

The  tendency  of  the  absolute  system  is  towards  simplicity  through 
a  reduction  of  the  number  of  fundamental  units  to  a  minimum,  while 
at  the  same  time  it  afibrds  every  facility  for  the  multiplication  of 
derived  units  to  meet  the  demands  of  convenience  in  practice.  But 
however  complex  and  numerous  these  derived  units  may  be,  they  all 
grow  out  of  the  same  elements,  and  are,  therefoi'e,  easy  of  comparison 
and  interchange. 

It  is  not  too  much  to  say,  and  it  is  important  that  it  should  be  said, 
that  the  beauty,  simplicity  and  convenience  of  this  system  are  not  yet 
fully  understood  and  api^reciated  by  many  engineers  who  might  be 
greatly  benefited  by  its  use.  As  a  single  illustration,  reference  may  be 
made  to  the  still  very  general  use  of  the  foot-j)Ound  as  a  unit  of  work 
and  energy.  Let  no  one  imagine  that  the  objection  to  this  unit  lies  in 
the  fact  that  units  of  the  metric  system  are  not  used,  for  kilogram- 
meter,  which  is  also  very  common,  is  equally  objectionable.  The  diffi- 
culty rests  in  the  introduction  of  a  variable,  and  in  this  instance 
unnecessary,  magnitude;  namely,  the  force  of  gravitation.  If  the 
fundamental  units,  foot,  i:)ound  and  second,  be  used,  we  have  a  unit  of 
work  sometimes  called  the  "  foot-poundal,"  and  if  the  centimeter, 
gram,  second,  system  be  used,  we  have  the  well-known  "  erg."  These 
units  are  vastly  more  convenient  in  jjractical  use  than  their  gravitation 
relatives,  besides  being  invariable,  whenever  and  wherever  the  units  of 
length,  mass  and  time  are  invariable. 

Modern  scientific  metrology  may  be  said  to  rest  upon  a  few  simple 
principles  which  may  be  summarized  as  follows  : 
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The  number  of  independent  fundamental  units  should  be  mini- 
mum.    In  general  not  more  than  three  are  required. 

They  should  be  such  as  admit  of  a  ready  and  accurate  comparison 
■with  other  magnitudes  of  the  same  kind.  Units  of  length,  mass  and 
time  satisfy  this  requirement  better  than  any  other  that  can  be  selected. 

They  should  be  cajaable  of  use  for  such  comparisons  at  places  and 
times  widely  separated  ;  hence  they  ought  to  be  comparatively  easy  of 
reproduction  and  transportation  and,  as  far  as  human  ingenuity  can 
secure,  invariable  in  their  magnitude.  Units  of  length,  mass  and  time 
satisfy  these  conditions  better  than  any  other. 

They  should  also  be  so  related  to  each  other,  as  far  as  such  relation 
is  possible,  and  the  multiples  and  submultiples  should  be  so  related 
to  them  that  units  of  every  j^ossible  dimension  and  character  for  con- 
venience in  the  measurement  of  all  measurable  things  may  be  derived 
from  them  in  the  simplest  manner,  and  thus  be  capable  of  the  easiest 
reduction  and  interchange.  The  units  of  length,  mass  and  time,  as 
represented  by  the  centimeter,  the  gram  and  the  second,  fulfill  these 
requirements  almost  as  perfectly  as  possible.  The  second  falls  short 
of  the  others  because  its  multiples  are  not  decimally  derived,  but  its 
use  is  and  has  long  been  so  nearly  universal  that  it  is  not  likely  to  be 
modified  in  that  respect  in  the  near  future.  Indeed,  a  decimal  system 
as  applied  to  time  is  much  less  important  than  when  considered  in  re- 
lation to  length  and  mass. 

As  to  the  constancy  of  these  units,  an  arbitrary  length  and  an 
arbitrary  mass  are  much  more  capable  of  accurate  reproduction  than 
any  natural  units  of  which  we  now  know.  When  reproduced  in  con- 
siderable numbers  and  of  the  best  known  material,  and  when  widely 
distributed  throughout  the  civilized  world  as  they  now  are,  under 
the  direction  of  the  International  Bureau  of  Weights  and  Measures, 
anything  like  destruction  or  loss  of  the  standards  must  be  regarded  as 
well-nigh  impossible.  Copied  in  materials  of  various  kinds  and  pre- 
served under  conditions  widely  varying,  it  is  hardly  likely  that  any 
secular  change  in  the  standards  can  escape  detection,  and  the  accurate 
determination  of  the  meter  in  light  waves  now  in  progress  will  aflford 
a  valuable  check  on  the  constancy  of  the  standard  of  length. 

It  thus  ajjpears  that  the  metric  system  with  its  derived  units  is 
to-day  by  far  the  most  perfect  system  of  metrology  ever  used  by  man, 
and  that  it  lacks  little  of  theoretical  perfection.     It  can  hardly  be 
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denied  that  in  one  or  two  matters  of  minor  importance  it  is  susceptible 
of  improvement,  but  it  possesses  the  inestimable  and  unapproachable 
advantage  of  being  actually  in  use  by  the  great  majority  of  civilized 
nations.  Among  the  innumerable  metrological  schemes  which  have 
made  their  appearance  within  the  jiast  100  years,  it  is  quite  possible 
that  some  one  of  them  possesses  advantages  over  that  based  on  the 
meter  and  the  kilogram,  and  that  it  would  be  preferred  if  we  were 
starting  afresh  with  the  whole  question.  But  we  are  not  starting 
afresh,  and  it  is  certainly  a  cause  for  sincere  and  earnest  congratulation 
that  a  system  which  is  so  rajaidly  advancing  in  public  favor  is  as  nearly 
absolutely  perfect  as  is  this. 

Let  us  turn  now  to  a  brief  consideration  of  the  origin  and  present 
condition  of  what  Lord  Kelvin  has  'justly  characterized  as  the  brain- 
wearying,  intellect-destroying  system  of  weights  and  measures  in  use 
among  English-speaking  people. 

The  fundamental  unit  of  length  is  the  yard,  and  the  unit  of  mass  is 
the  pound.  In  the  time  of  Edward  II  it  was  enacted  (A.D.  1324)  that 
three  barleycorns,  round  and  dry,  should  make  1  in.  and  12  ins.  make 
1  ft.  The  earliest  actual  material  standard  yard,  of  which  there  is 
reliable  account,  dates  back  to  the  time  of  Henry  VII  (about  A.D.  1490). 
In  the  Transactions  of  the  Royal  Society  it  is  recorded  that  in  1742 
"some  curious  gentlemen,  both  of  the  Royal  Society  of  London  and 
of  the  Royal  Academy  of  Sciences  at  Paris,  thinking  it  might  be  of 
good  use  for  the  better  comjjaring  together  the  success  of  exiieriments 
made  in  England  and  in  France,  proposed  some  time  since  that 
accurate  standards  of  the  measures  and  weights  of  both  nations,  care- 
fully examined  and  made  to  agree  with  other,  might  be  laid  up  and 
preserved  in  the  archives  both  of  the  Royal  Society  here  and  of  the 
Royal  Academy  of  Sciences  at  Paris,"  and  determined  to  bring  about  an 
exchange  of  copies  of  the  standards  of  weight  and  mass  of  the  respect- 
ive countries.  This  led  to  an  examination  of  the  original  standards 
of  the  Exchequer  and  their  copies.  It  was  found  that  the  standard 
yard  then  in  use  was  a  square  rod  of  brass,  of  breadth  and  thickness 
of  about  I  in.  The  ends  were  neither  exactly  flat  nor  parallel.  The 
standard  was  an  end-measure  and  a  matrix  was  provided  for  it.  Near 
each  end  of  the  yard  was  stamj^ed  a  crowned  E  and  it  dated  from  about 
1588.  Considered  as  a  standard,  its  character  was  very  inferior,  but 
less  so  than  the  old  standard  of  King  Henry  VII,  which  was  examined 
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at  the  same  time.  This  is  described  as  an  "old  eight-sided  rod  of 
brass,  of  the  thickness  of  about  i  in.,  very  coarsely  made,  and  as 
rudely  divided  into  3  ft.,  and  one  of  these  feet  into  inches."  This  is 
the  standard  which  dates  from  A.D.  1490,  and  is  the  earliest  known 
material  yard. 

In  1758,  under  instruction  from  a  committee  appointed  by  Parlia- 
ment, John  Bird  constructed  copies  of  the  then  existing  standards 
(Elizabethan),  one  of  which,  a  line  measure,  was  recommended  for 
adoption  as  the  legal  standard  of  length.  A  copy  of  this  was  made  by 
the  same  artist  in  1760,  and  is  known  as  Bird's  standard  of  1760,  to  dis- 
tinguish it  from  his  first  copies  made  in  1758.  Although  the  subject 
received  much  consideration  during  the  next  half  century,  it  was  not 
until  1824  that  any  action  was  actually  taken  by  Parliament.  It 
follows  that  up  to  this  date  the  legal  standard  of  length  in  Great 
Britain  and  her  colonies  continued  to  be  the  very  imperfect  standard 
of  Elizabeth  referred  to  above.  In  1824,  however,  it  was  finally  enacted 
that  Bird's  standard  of  1760  should  be  the  fundamental  unit  of  length, 
and  in  the  same  act  it  was  provided  that  in  case  of  loss  it  should  be 
reproduced  by  means  of  its  supposed  known  ratio  to  the  length  of  a 
seconds  pendulum  at  London.  In  1834  the  Parliament  Houses,  in  one 
of  which  this  standard  had  been  preserved,  were  destroyed  by  fire. 
It  is  interesting  to  note  that  the  conflagration  was  due  to  the  burning 
of  the  "  tallies  "  or  sticks  on  which  accounts  had  been  kept  by  means 
of  notches,  and  in  the  use  of  which  the  Government  officials  had  per- 
sisted for  many  years  after  it  had  almost  become  a  lost  art  elsewhere, 
thus  exhibiting  a  conservatism  characteristic  of  the  whole  course  of 
the  English  Government  in  reference  to  metrology  and  allied  sciences. 

The  legal  standard  having  been  destroyed  in  this  manner,  it  was 
found  impracticable  to  reproduce  it,  as  had  been  intended,  by  the 
use  of  a  pendulum,  and  accordingly  a  new  standard  was  prejiared 
under  the  direction  of  Mr.  Sheepshanks  from  a  half-dozen  excellent 
copies  of  the  destroyed  standard  which  were  available.  This  was 
legalized  by  an  Act  of  Parliament  in  1855,  and  is  the  Imperial  standard 
yard  of  Great  Britain  to-day.  It  is  a  line  measure,  made  of  bronze, 
the  total  length  being  38  ins.  and  the  cross-section  1  in.  square.  At  the 
time  it  was  prejjared  several  copies  were  produced,  one  of  which, 
known  as  Bronze  No.  11,  is  in  the  United  States  Office  of  "Weights  and 
Measures  at  Washington. 
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To  recur  now  to  standards  of  length  in  the  United  States,  it  is 
necessary  to  repeat  the  often-published  statement  that  although  the 
Constitution  authorizes  Congress  to  establish  a  system  of  weights  and 
measures,  it  has  never  exercised  this  authority  except  in  the  matter  of 
legalizing  the  metric  system  in  1866.  The  weights  and  measures  in  use 
in  the  Colonies  before  the  Revolution  were  almost  entirely  those  of 
Great  Britain,  and  they  continued  in  use  without  special  legalization 
for  a  long  time  after  independence  was  declared.  The  first  Superin- 
tendent of  the  Coast  and  Geodetic  Survey,  Mr.  Hassler,  requiring  an 
accurate  standard  of  length  in  the  operations  of  that  Bureau,  obtained 
from  Troughton,  of  London,  in  1814,  a  brass  bar  about  82  ins.  long, 
2.5  ins.  wide  and  ^  in.  thick.  This  bar  was  a  direct  descendant  of  the 
Bird  standard  of  1760,  a  number  of  copies  of  which  had  been  made  by 
Troughton. 

It  being  necessary  for  the  Executive  Departments  of  the  Govern- 
ment to  have  some  standards  of  weight  and  measure  properly  authen- 
ticated, for  the  purpose  of  levying  taxes,  duties,  etc.,  this  bar,  or 
rather  one  particular  yard  of  it,  from  the  27th  to  the  63d  inch,  was 
adopted  as  the  standard  of  length.  It  was  supposed  to  be  precisely 
equal  to  the  British  standard  at  a  temperature  of  62^  Fahr.  A  direct 
comparison  with  the  copies  of  the  new  Imperial  yard  of  1855,  however, 
showed  that  it  was  too  long  at  that  temperature,  and  this  fact  gave 
rise  to  the  idea  which  found  its  way  into  scientific  literature  that  the 
English  and  American  yards  were  different,  the  latter  being  the  longer. 
The  action  taken  in  the  Office  of  Weights  and  Measures  was  simply  to 
change  the  temperature  at  which  it  was  a  standard,  so  as  to  bring  it 
into  agreement  with  the  English  yard.  As  a  matter  of  fact  its  use  as  a 
standard  was  practically  discontinued,  and  the  bronze  copy  of  the 
Imperial  yard  was  accepted  in  its  place,  together  with  another  copy 
of  this  yard  made  of  Low  Moor  iron  and  so  designated. 

It  will  thus  be  seen  that,  as  far  as  the  Government  is  concerned,  we 
have  followed  the  English  in  the  matter  of  standards  of  length,  and 
their  yard  and  ours  have  always  been  as  nearly  as  practicable  iden- 
tical. 

The  same  is  essentially  true  in  regard  to  the  standard  of  mass. 
There  is  an  important  difi"erence,  however,  in  that  Congress  did,  in 
1828,  legalize  a  standard  Troy  jjound  for  jsurj^oses  of  coinage.  This 
was  a  copy  of  the  British  Troy  pound  of  1758,  which  in  1825  became 
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tlie  Imperial  standard.  It  is  preserved  in  the  Mint  at  Pliiladelphia, 
and  is  known  as  tlie  Mint  pound.  The  standard  avoirdupois  pound 
of  the  Treasury  Department  was  derived  from  this  Troy  pound.  Both 
are  very  inferior  in  construction  and  unsuitable  for  standards.  The 
l^resent  Imperial  standard  of  mass  of  Great  Britain  is  a  platinum 
avoirdupois  pound.  It  was  derived  from  a  copy  of  the  standard 
referred  to  above,  which  was  lost  in  the  burning  of  the  Parliament 
Hoiises.  As  the  Imjierial  standard  and  our  own  have  thus  a  common 
ancestor,  it  is  assumed  that  they  are  the  same. 

Besides  these  units  of  length  and  mass  the  executive  officers  of  the 
Government  adopted  two  units  of  volume,  the  gallon  which  contains 
231  cu.  ins.  and  the  bushel  of  2  150.42  cu.  ins.  They  are  old  English 
measures  and  differ  very  materially  from  the  imperial  gallon  and 
bushel  now  in  use  in  Great  Britain. 

The  above  statements  ajDply  to  what  may  be  known  as  National  or 
United  States  standards  only  in  the  limited  sense  that  they  are  the 
standards  of  the  executive  branch  of  the  Government.  The  whole 
subject  of  standards,  with  the  exeception  as  to  the  metric  system 
already  noted  was,  in  the  absence  of  definite  action  by  Congress,  left 
to  the  law-making  authorities  of  the  several  States.  In  view  of  the 
great  and  intelligent  interests  in  this  subject  exhibited  by  "Washing- 
ton, Jefferson,  Adams,  Gallatin  and  others  of  the  early  statesmen,  the 
omission  to  legislate  in  Congress  must  be  attributed  largely  to  the 
fact  of  great  dissatisfaction  with  the  present  system  and  a  hesitancy  to 
recommend  any  other,  however  perfect  it  might  seem  to  be,  until  it 
Lad  received  the  test  of  actual  trial.  Realizing  the  danger  which  was 
impending  of  inharmonious  and  unscientific  legislation  by  the  several 
States,  Congress  decided  in  1836  to  encourage  uniformity  throughout 
the  country  by  the  distribution  among  the  various  State  Governments 
of  complete  sets  of  weights  and  measures  copied  from  the  standards 
adopted  in  the  United  States  Office  of  Weights  and  Measures.  Some 
States  had  already  legalized  standards  differing  somewhat  from  these, 
but  they  were  soon  accepted  by  all,  thus  establishing  a  practically 
uniform  system  throughout  the  country  and  one  in  agreement  with 
that  adopted  by  the  Government.  Strictly  speaking,  however,  each 
State  has  its  own  standards,  and  they  are  entirely  independent  of, 
although  copied  from,  those  in  use  at  Washington.  But,  as  has  already 
been  explained,  the  latter  have  not  themselves  been  regarded  as  fund- 


130     MENDENHALL  ON  FUNDAMENTAL  UNITS  OF  MEASURE. 

amental  standards,  being  only  copies  of  the  Imperial  standards  of 
Great  Britain,  in  the  case  of  the  yard,  or  descended  from  the  same 
ancestry,  as  in  the  case  of  the  pound,  and  assumed  to  be  the  same.  It 
thus  appears  that  practically,  and  until  a  very  recent  period,  our  whole 
system  of  length  and  mass  measurement  was  made  to  depend  upon  the 
Imperial  yard  and  pound  of  Great  Britain. 

The  most  important  legislation  upon  this  subject  from  the  found- 
ing of  the  Government  to  the  present  time  is  the  Act  of  Congress  of 
July  28th,  1866,  legalizing  the  metric  system  of  weights  and  measures 
throughout  the  United  States.  It  has  not  been  generally  recognized 
that  this  system  is  and  has  been  for  more  than  a  quarter  of  a  century 
the  only  system  whose  use  is  made  legal  throughout  the  whole  country 
by  Act  of  Congress.  Since  the  passage  of  this  Act  there  has  been  a 
decided  advance  in  the  use  of  this  system  among  all  civilized  nations. 
This  remarkable  movement,  in  which  the  United  States  Government, 
through  annual  contributions  of  money  and  diplomatic  negotiations, 
has  had  a  large  part,  leaves  no  room  for  doubt  that  in  the  compara- 
tively near  future  all  mankind  will  be  in  the  fullest  enjoyment  of  the 
great  boon  of  a  single,  universal  system  of  weights  and  measures,  and 
one  as  nearly  perfect  in  form  and  design  as  could  well  be  expected. 

The  recognition  of  this  fact  has  led  to  recent  action  on  the  part 
of  the  Office  of  Weights  and  Measures  at  Washington,  which  is  of  such 
importance  as  to  justify  the  repetition  here  of  the  words  of  Bulletin 
No.  26,  United  States  Coast  and  Geodetic  Survey,  April  5th,  1893,  in 
which  it  was  first  announced. 

FuNDAMENTAIi   StANDABDS   OF   LeNGTH   AND   MaSS. 

'*  While  the  Constitution  of  the  United  States  authorizes  Congress 
to  '  fix  the  standard  of  weights  and  measures, '  this  power  has  never 
been  definitely  exercised,  and  but  little  legislation  has  been  enacted 
upon  the  subject.  Washington  regarded  the  matter  of  sufficient 
importance  to  justify  a  special  reference  to  it  in  his  first  annual  mes- 
sage to  Congress  (January,  1790),  and  Jefferson,  while  Secretary  of 
State,  prepared  a  report  at  the  request  of  the  House  of  Representa- 
tives, in  which  he  proposed  (July,  1790)  '  to  reduce  every  branch  to 
the  decimal  ratio  already  established  for  coins,  and  thus  bring  the 
calculation  of  the  princij^al  affairs  of  life  within  the  arithmetic  of 
every  man  who  can  multiply  and  divide. '  The  consideration  of  the 
subject  being  again  urged  by  Washington,  a  committee  of  Congress 
reported  in  favor  of  Jefferson's  plan,  but  no  legislation  followed. 
In  the  meantime  the  executive  branch  of  the  Government  found  it 
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necessary  to  procure  standards  for  use  in  the  collection  of  revenue 
and  other  operations  in  which  weights  and  measures  were  required, 
and  the  Troughton  82-in.  brass  scale  was  obtained  for  the  Coast  and 
Geodetic  Survey  in  1814;  a  platinum  kilogram  and  meter,  by  Galla- 
tin, in  1821;  and  a  Troy  pound  from  London  in  1827,  also  by  Gallatin. 
In  1828  the  latter  was,  by  act  of  Congress,  made  the  standard  of  mass 
for  the  Mint  of  the  United  States,  and,  although  totally  unfit  for  such 
purpose,  it  has  since  remained  the  standard  for  coinage  purposes. 

"In  1830  the  Secretary  of  the  Treasury  was  directed  to  cause  a  com- 
parison to  be  made  of  the  standards  of  weight  and  measure  used  at  the 
princii^al  custom-houses,  as  a  result  of  which  large  discrepancies  were 
disclosed  in  the  weights  and  measures  in  use.  The  Treasury  Depart- 
ment being  obliged  to  execute  the  constitutional  provision  that  all 
duties,  imjjosts  and  excises  shall  be  uniform  throughout  the  United 
States,  adopted  the  Troughton  scale  as  the  standard  of  length;  the 
avoirdujjois  jpound  to  be  derived  from  the  Troy  pound  of  the  Mint,  as 
the  unit  of  mass.  At  the  same  time  the  Department  adopted  the  wine 
gallon  of  231  cu.  ins.  for  liquid  measure  and  the  Winchester  bushel  of 
2150.42  cu.  ins.  for  dry  measure.  In  1836  the  Secretary  of  the  Treas- 
ury was  authorized  to  cause  a  complete  set  of  all  weights  and  measures 
adopted  as  standards  by  the  Department  for  the  use  of  custom-houses 
and  for  other  purposes,  to  be  delivered  to  the  Governor  of  each  State 
in  the  Union  for  the  use  of  the  States  resjiectively,  the  object  being  to 
encourage  uniformity  of  weights  and  measures  throughoiit  the  Union. 
At  this  time,  several  States  had  adopted  standards  dififering  from  those 
used  in  the  Treasury  Department,  but  after  a  time  these  were  rejected, 
and,  finally,  nearly  all  the  States  formally  adopted  by  act  of  legislature 
the  standards  which  had  been  put  in  their  hands  by  the  National 
Government.  Thus  a  good  degree  of  uniformity  was  secured,  although 
Congress  had  not  adopted  a  standard  of  mass  or  of  length  other  than 
for  coinage  purposes  as  already  described. 

"The  next,  and  in  many  respects  the  most  imijortant,  legislation 
upon  the  subject  was  the  act  of  July  28th,  1866,  making  the  use  of  the 
metric  system  lawful  throughout  the  United  States,  and  defining  the 
weights  and  measures  in  common  use  in  terms  of  the  units  of  this 
system.  This  was  the  first  general  legislation  upon  the  subject,  and 
the  metric  system  was  thus  the  first  and,  thus  far,  the  only  system 
made  generally  legal  throughout  the  country. 

"In  1875  an  International  Metric  Convention  was  agreed  uj)on  by 
seventeen  governments,  including  the  United  States,  at  which  it  was 
undertaken  to  establish  and  maintain  at  common  expense  a  perma- 
nent International  Bureau  of  Weights  and  Measures,  the  first  object 
of  which  should  be  the  preijaration  of  a  new  international  standard 
meter  and  a  new  international  standard  kilogram,  copies  of  which 
should  be  made  for  distribution  among  the  contributing  governments. 
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Since  the  organization  of  the  Bureau,  the  United  States  has  regularly 
contributed  to  its  support,  and  in  1889  the  cojiies  of  the  new  interna- 
tional prototyijes  were  ready  for  distribution.  This  was  eflfected  by 
lot,  and  the  United  States  received  meters  Nos.  21  and  27,  and  kilo- 
grams Nos.  4  and  20.  The  meters  and  kilograms  are  made  from  the 
same  material,  which  is  an  alloy  of  platinum  with  10,'^J'  of  iridium. 

"On  January  2d,  1890,  the  seals  which  had  been  j^laced od  meter  No. 
27  and  kilogram  No.  20,  at  the  International  Bureau  of  Weights  and 
Measures,  near  Paris,  were  broken  in  the  Cabinet  room  of  the  Execu- 
tive Mansion  by  the  President  of  the  United  States,  in  the  presence 
of  the  Secretary  of  State  and  the  Secretary  of  the  Treasury,  together 
with  a  number  of  invited  guests.  They  were  thus  adoj^ted  as  the 
National  Prototyi^e  Meter  and  Kilogram. 

"The  Troughton  scale,  which  in  the  early  jjart  of  the  century  had 
been  tentatively  adopted  as  a  standard  of  length,  has  long  been  rec- 
ognized as  quite  unsuitable  for  such  use,  owing  to  its  faulty  construc- 
tion and  the  inferiority  of  its  graduation.  For  many  years,  in  stand- 
ardizing length  measures,  recourse  to  copies  of  the  Imi^erial  yard  of 
Great  Britain  had  been  necessary,  and  to  the  copies  of  the  meter  of  the 
archives  in  the  Office  of  Weights  and  Measures.  The  standard  of  mass 
originally  selected  was  likewise  unfit  for  use  for  similar  reasons,  and 
had  been  practically  ignored. 

"  The  recent  receipt  of  the  very  accurate  copies  of  the  international 
metric  standards,  which  are  constructed  in  accord  with  the  most 
advanced  conceptions  of  modern  metrology,  enables  comparisons  to 
be  made  directly  with  those  standards,  as  the  equations  of  the 
national  prototypes  are  accurately  known.  It  has  seemed,  therefore, 
that  greater  stability  in  weights  and  measures,  as  well  as  much  higher 
accuracy  in  their  comparison,  can  be  secured  by  accepting  the  inter- 
national prototyjies  as  the  fundamental  standards  of  length  and  mass. 
It  was  doubtless  the  intention  of  Congress  that  this  should  be  done 
when  the  International  Metric  Convention  was  entered  into  in  1875; 
otherwise  there  would  be  nothing  gained  from  the  annual  contributions 
to  its  sujaport  which  the  Government  has  constantly  made.  Such 
action  will  also  have  the  great  advantage  of  jjutting  us  in  direct  rela- 
tion in  our  weights  and  measures  with  all  civilized  nations,  most  of 
which  have  adojited  the  metric  system  for  exclusive  use.  The  prac- 
tical effect  upon  our  customary  weights  and  measures  is,  of  course, 
nothing.  The  most  careful  study  of  the  relation  of  the  yard  and  the 
meter  has  failed,  thus  far,  to  show  that  the  relation  as  defined  by  Con- 
gress in  the  Act  of  1866  is  in  error.  The  pound  as  there  defined,  in  its 
relation  to  the  kilogram,  differs  from  the  Imjaerial  pound  of  Great 
Britain  by  not  more  than  1  part  in  100  000,  an  error,  if  it  be  so  called, 
which  utterly  vanishes  in  comparison  with  the  allowances  in  all  ordi- 
nary transactions.      Only  the   most   refined   scientific   research   will 
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demand  a  closer  approximation,  and  in  scientific  work  the  kilogram 
itself  is  now  universally  used,  both  in  this  country  and  in  England.* 

"In  view  of  these  facts,  and  the  absence  of  any  material  normal 
standards  of  customary  weights  and  measures,  the  Office  of  Weights 
and  Measures,  with  the  a^^proval  of  the  Secretary  of  the  Treasury,  will 
in  the  future  regard  the  international  prototype  meter  and  kilo- 
gram as  fundamental  standards,  and  the  customary  units,  the  yard 
and  the  pound,  will  be  derived  therefrom  in  accordance  with  the  Act 
of  July  28th,  1866.  Indeed,  this  course  has  been  practically  forced 
upon  this  Office  for  several  years,  but  it  is  considered  desirable  to 
make  this  formal  announcement  for  the  information  of  all  interested  in 
the  science  of  metrology  or  in  measurements  of  precision. " 

"  T.    C.    MENDENHAIili, 

"  SupeiHntendent  of  Standard  Weights  wid  Measures. 
"  Approved  ; 

"J.  G.  Caklisle, 

"  Secretary  of  the  Treasure/. 
"April  5th,  1893." 

As  a  result  of  this  action,  our  fundamental  units  of  length  and  mass 
are  *  now  the  new  international  prototype  meter  and  kilogram  pre- 
served by  the  International  Bureau  of  Weights  and  Measures,  near 
Paris,  and  our  metrology  is  in  touch  with  that  of  the  civilized  world. 
This  is  the  second  great  step  towards  complete  emancipation  from  the 
"brain-wearying,  intellect-destroying  "  system  with  which  we  have  so 
long  been  burdened,  and  let  us  hoi3e  that  the  time  is  not  far  distant 
when  the  desire  of  the  author  of  the  Declaration  of  Indejaendence  will 
be  realized  by  ' '  bringing  the  calculation  of  the  principal  affairs  of  life 
within  the  arithmetic  of  every  man  who  can  multiply  and  divide." 

None  will  be  more  benefited  personally  by  this  action,  and  none  can 
aid  more  effectually  to  hasten  it,  than  the  distinguished  body  to  which 
this  paper  is  respectfully  submitted.     If  any   argument  in  its  favor 

♦Reference  to  the  Act  of  1866  results  in  the  establishment  of  the  following  equations  : 

1  pound  avoirdupois  = kilo, 

2.2U46 

A  more  precise  value  of  the  English  pound  avoirdupois  is  irTjpr-rr  kilo.,  differing  from  the 

above  by  about  1  part  in  100  000,  but  the  equation  established  by  law  is  sufllciently  accu- 
rate for  all  ordinary  conversions. 

As  already  stated,  in  work  of  high  precision  the  kilogram  is  now  all  but  universally 
used  and  no  conversion  is  required. 
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were  needed,  it  would  be  sufficient  to  cite  tlie  exami^le  of  one  depart- 
ment of  the  great  subject  of  engineering,  namely,  electrical  engineering, 
"wliicli  is  doubtless  represented  in  some  degree  in  this  Congress.  But, 
yesterday  a  thing  unknown,  its  beautifully  simple  units  of  measure  and 
their  inter-relations  are  as  wings  which  have  enabled  it  to  outstrip 
those  that  persist  in  carrying  the  dead  weight  of  an  unscientific  and 
hopelessly  bad  system  of  metrology. 
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HISTORICAL    NOTES    UPON     ANCIENT    AND 
MODERN  SURVEYING  AND  SUR- 
VEYING INSTRUMENTS. 


By  H.  D.  HosKOLD,  M.  and  C.  E.* 


Prepared  for  the  International  Eng'ineering'  Congress  of  the 
Columbian  Exposition,  1893. 


It  would  be  exceedingly  difficult,  if  not  absolutely  impossible,  to 
determine  bow  far  back  the  nature,  relation  and  application  of  lines 
and  angles  began  to  be  studied  and  employed  as  a  useful  art  in  tbe 
graphic  representation  upon  maps  of  part,  or  of  the  whole,  of  the 
earth's  surface.  Reference  has  been  made  to  an  ancient  Sanscrit 
manuscrii^t,  in  which  it  is  stated  that  the  Chaldeans  estimated  4  000 
steps  of  a  camel  to  be  equal  to  1  mile,  and  that  66.25  of  such  miles 
■were  equal  to  1"^;  and  further,  from  that  data,  24  000  miles  were  de- 
duced as  the  circumference  of  the  earth. 

*  Director  of  the  National  Government  Department  of  Mines  and  Geology,  and 
Inspector-General  of  Mines,  of  the  Argentine  Kepublic. 


Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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Pythagoras,  Thales  and  Anaximander  have  each  in  turn  been  made 
to  share  in  announcing  the  earth  to  be  spherical.  Archimedes  esti- 
mated the  circumference  at  300  000  stadia,  and  in  the  year  276  b.  c.  Era- 
tosthenes also  determined  the  circumference  to  be  252  000  stadia;  but 
as  the  exact  length  of  the  ancient  stadium  has  not  been  accurately 
determined,  no  verification  has  resulted. 

In  about  52  b.  c.  Posidonius  determined  from  observations  made 
upon  the  star  Canopius  at  Ehodes,  and  also  at  Alexandria,  that  the 
circumference  of  the  earth  amounted  to  240  000  stadia. 

Letron  stated  that  the  amplitude  of  the  arc  which  Posidonius  used 
was  only  5^,  and  Strabo  gives  400  000  stadia  as  the  length  of  the  arc,  and 
also  deduced  therefrom  that  the  circumference  of  the  earth  amounted 
to  288  000  stadia. 

Ptolemy  estimated  180  000  stadia  as  the  circumference  of  the  earth, 
and  Posch  infers  that  he  obtained  this  result  from  ancient  Chaldean 
data.  Ptolemy  also  stated  that  a  Chaldean  mile  was  equal  to  7.5  stadia, 
and  that  consequently  7.5  times  24  000  made  the  circumference  equal 
to  180  000  Chaldean  miles. 

In  the  year  1827  b.  c.  an  Arabian  caliph  instructed  his  astronomer 
to  measure  an  arc  of  the  meridian,  and  from  that  operation  the  cir- 
cumference of  the  earth  was  estimated.  In  1322  a.  d.  Abulfeda  ex- 
plained the  process  adopted,  and  stated  that  from  the  northern  portion 
of  the  measured  arc,  56  miles  were  deduced  as  the  length  of  1°,  but 
the  southern  arc  gave  56.66  miles  as  the  length  of  1°,  the  latter  being 
equal  to  71  English  miles. 

Referring  to  the  question  of  ancient  maps,  we  have  reference  to  a 
mining  map  of  an  Egyi^tian  gold  mine  constructed  upon  jjapyrus  about 
the  year  1400  b.  c.  ,  which  document  is  preserved  in  the  Turin  Museum, 
in  Italy.  In  the  British  Museum,  in  London,  exists  also  an  old  papyrus 
document  written  1700  years  b.  c.  ,  which,  however,  is  considered  to  be 
a  copy  of  an  older  one.  Its  contents  consist  of  rules  for  the  calculation 
of  areas  of  circles,  triangles  and  trapeziums. 

Hero,  in  his  book,  which  was  written  about  285  b.  c.  ,  describes  such 
problems  as  were  then  applied  to  land  surveying.  He  also  introduced 
improvements  in  surveying  instruments. 

The  great  astronomer  and  geographer,  Ptolemy,  is  said  to  have 
possessed  a  circle  engraved  upon  stone,  by  which,  in  his  observations, 
he  estimated  angular  measure  to  single  minutes.     If  that  report  is 
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true,  we  have  a  remarkable  instance  of  mechanical  skill  and  early  geo- 
metrical conception  and  precision.  Doubtless,  however,  the  circle 
employed  must  have  had  a  very  large  diameter  to  admit  of  such  a 
degree  of  accuracy,  because  the  subdivision  of  a  degree  into  fractions 
by  means  of  .a  vernier  scale  and  micrometer  was  then  unknown. 

The  well-known  geometrical  elements  of  Euclid,  possessing,  as  they 
do,  the  basis  of  mathematics  for  all  time,  were  probably  based  in  part 
upon  much  older  propositions  of  a  similar  nature;  but  he  must  have 
applied  his  rules  to  jjractical  surveying  in  Egypt  to  a  very  large  extent, 
and  at  a  comijaratively  early  period. 

The  ancient  surveying  instruments  must  have  been  exceedingly  rude 
in  construction,  and  probably  consisted,  for  the  most  jjart,  of  two  revolv- 
ing horizontal  cross-bars  of  wood  or  metal,  moving  round  a  central  pin 
or  axis  mounted  on  the  top  of  a  ijerpendicular  staff  or  rod  thrust  into 
the  ground  ;  and  probably  the  observed  horizontal  angles  formed  by 
the  straight  lines  observed  between  the  cross-bars  may  have  been 
measured  by  a  straight  line  divided  as  a  scale  of  equal  parts,  either 
fixed,  or  temporarily  applied,  by  the  observer.  There  is  no  evidence 
on  record  known  to  the  writer,  showing  that  circles  or  arcs  of  circles 
were  used  by  the  ancient  observers;  still,  there  is  no  reason  why  they 
should  not  have  been. 

Ogilby  stated  in  his  book  of  roads  surveyed  in  1674,  that  the  Per- 
sian monarchs  commanded  an  exact  register  to  be  made  of  the  distance 
from  station  to  station  throughout  their  dominions.  The  great  Mace- 
donian conqueror  also  had  his  "  Me/isores  Itinei'um  Alexcaidri." 

The  Romans,  who  were  at  one  time  the  conquerors  of  a  consider- 
able portion  of  the  then  known  world,  measured  and  recorded  the 
length  of  all  the  principal  lines  of  roads  traveled  by  them  in  their 
military  operations  and  conquests,  and  we  know  from  the  records  con- 
stituting the  ancient  itinerary  of  Antoninus  that  some  of  these  sur- 
veys ended  at  Alexandria  along  the  Nile,  and  extended  to  parts  of 
Asia  and  to  other  parts  of  Africa;  so  that  if  they  did  not  possess  an 
equal,  or  a  sui3erior,  system  of  surveying  to  tiiat  practiced  by  the 
Chaldeans  and  Egyptians,  they  were  sufficiently  intelligent  to  adopt 
any  other  system  of  surveying  more  convenient.  The  itinerary  of 
Antoninus,  however,  contains  no  evidence  that  the  horizontal  angles 
which  existed  between  the  different  lines  of  roads  were  determined. 

From  the  time  when  the  Romans  conquered  Britain,  Spain,  etc.,  the 
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art  of  surveying  apparently  remained  in  a  very  rude  condition  for  a 
very  considerable  jDcriod  of  time.  In  the  time  of  Ferrel,  it  was  in  some 
measure  revived  and  improved,  and  lie  attempted  to  measure  a  degree 
of  the  meridian  between  Amiens  and  Paris  in  1525.  The  measuring 
instruments  which  he  employed  in  determining  the  distance  consisted 
of  a  revolving  wheel  of  known  circumference.  His  astronomical  ob- 
servations were  made  by  an  arc  of  a  circle  or  angular  instrument,  then 
called  a  sector,  of  5  ft.  in  diameter.  From  the  operations  thus  con- 
ducted, he  estimated  the  length  of  1"^  to  be  equal  to  365  088  English 
feet. 

The  earliest  English  work  upon  surveying  known  to  the  writer  is 
^at  published  by  Diggs  in  1550,  and  in  it  he  describes  a  surveying 
circle  of  24  ins.  in  diameter,  each  division  of  which  represented  2°. 
it  was  mounted  with  two  revolving  horizontal  bars,  with  short  per- 
pendicular plain  sights  fitted  to  the  end  of  each  bar,  the  whole  being 
placed  for  use  on  the  top  of  a  staflf.  Diggs  honored  this  instrument 
•with  the  name  "theodolite." 

In  the  old  Latin  book  upon  mining  and  metallurgy  published  by 
Agricola  in  1556,  there  is  a  chapter  upon  subterraneous  surveying,  and 
there  are  diagrams  of  the  rudest  classes  of  instruments  then  employed. 
A  nude  surveyor  is  represented  in  the  act  of  taking  levels  with  a  large 
vertical  circle,  having  a  weighted  movable  index  or  pendulum,  to 
determine  when  it  was  perpendicular. 

Snellius  is  said  to  have  commenced  a  system  of  trigonometrical 
surveying  or  triangulation  as  early  as  1615,  and  he  employed  a  chain 
to  measure  the  base  line.  His  amplitude  arc  was  only  1°  11'  5"  from 
which  he  deduced  55  074  toises  for  the  length  of  1°,  a  toise  being  equal 
to  6.3946  English  ft.  Afterwards  his  work  was  verified,  and  1° 
found  to  contain  57  033  toises. 

In  the  year  1655  Norwood  measured  with  a  chain  the  distance  from 
London  to  York,  and  he  obtained  57  424  toises  for  the  length  of  1°. 

In  1681  Houghton  published  a  small  work  upon  subterraneous 
surveying,  and  he  employed  a  small  but  rudely  constructed  circle 
mounted  with  a  magnetic  needle.  Voigtel  also  wrote  in  1586  upon  the 
same  subject. 

It  has  been  stated  that  Gascoign  placed  spider  lines  in  the  focus  of 
a  telescope  attached  to  his  surveying  instruments  as  early  as  1640,  but 
this  is  somewhat  doubtful.     It  is,  however,  certain  that  Picard  applied 
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the  telescope  to  angle-measuring  instruments,  and  also  placed  spider 
lines  to  indicate  the  focus  of  the  telescope  in  the  year  1669.  About  the 
same  time,  he  also  measured  a  base  line  7  miles  in  length,  and  em- 
ployed an  angular  instrument  of  the  sector  class  of  10  ft.  radius  with 
a  telescope  attached,  and  from  his  arc  of  1^  22'  58",  he  estimated  the 
length  of  1°  to  be  57  060  toises. 

The  great  mathematician  and  philosopher,  Newton,  had  previously 
announced  to  the  world  his  grand  principle  of  universal  gravitation, 
and  he  determined  the  form  of  the  earth  to  be  that  of  an  oblate  spheroid, 
and  that  consequently  the  equatorial  axis  of  the  earth  was  greater 
than  the  polar.  The  geodetic  operations  performed  by  Picard  seem 
to  have  enabled  him  to  establish  his  jirinciples. 

Between  the  years  1684  and  1718,  the  original  triangulations  of 
Picard  were  extended  by  Cassino  southward  to  Collioure  and  north- 
wards as  far  as  Dunkirk,  in  France.  A  base  line  was  measured  at  each 
end,  and  the  northern  portion  of  his  arc  had  an  amplitude  of  2^  12'  0", 
from  which  56  960  toises  were  deducted  as  the  length  of  1°.  The 
southern  arc,  of  6*^  19'  0",  gave  57  097  toises  for  the  length  of  1°. 
The  deductions  thus  arrived  at  seemed  to  have  convinced  the  French 
that  Newton's  hypothesis  was  erroneous  and  serious  discussions  re- 
sulted between  the  two  opposite  parties.  Finally,  in  the  year  1744, 
the  same  base  lines  were  remeasured  by  Cassini  de  Thuri  and  Lacaille, 
and  from  the  deductions  arrived  at  they  declared  that  the  earth  was 
oblate,  thus  confirming  the  theory  of  Newton  and  Huygens;  still,  the 
French  scientists  generally  were  opposed,  while  the  English  as  stren- 
uously affirmed.  To  settle  this  question  definitely  the  French  agreed 
to  undertake,  in  the  year  1775,  two  scientific  expeditions,  one  to  Peru 
and  the  other  to  Lapland.  In  the  latter  place  the  angles  were  measured 
by  means  of  a  quadrant  24  ins.  in  diameter,  fitted  with  a  telescope 
and  micrometer.  The  astronomical  observations  were  obtained  by  the 
use  of  a  sector  9  ft.  in  length.  The  final  results  deduced  from  these 
observations  gave  57  437.9  toises  as  the  length  of  1°  of  the  meridian 
which  cuts  the  polar  circle.  Those  operations  were  afterwards  ex- 
amined resulting  in  the  length  of  1°  to  be  57  237  toises. 

The  Peruvian  expedition  measured  two  bases  near  Quito  and  Coto- 
paxi  of  7.6  and  6.4  miles,  and  the  quadrants  used  for  the  measurement 
of  the  horizontal  angles  were  24  and  26  ins.  in  diameter;  but  they  were 
of  a  very  inferior  construction.     The  astronomical  sectors  were  8  and 
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12  ft.  radius.  The  length  of  1°  obtained  was  equal  to  56  753  toises, 
and  the  scientific  world  became  convinced  that  those  deductions  con- 
firmed Newton's  theory.  A  general  account  of  the  geodetical  opera- 
tions made  by  the  two  expeditions  was  laublished  in  France,  in  1749. 

It  is  interesting  to  note  that  Weidler  published  a  book,  in  Latin, 
upon  surveying,  in  1726  ;  and  also  Beyer  published  his  work  on  the 
same  subject  in  1749,  followed  by  Oppel,  in  German,  in  1749. 

The  Englishman,  General  Roy,  commenced  a  trigonometrical  survey 
in  Scotland,  between  the  years  1747  and  1755;  but  the  results  were  not 
reliable,  and  this  induced  the  general  opinion  that  surveying  circles 
or  instruments  of  a  superior  class  should  be  constructed  and  introduced 
before  accurate  geodetical  results  could  be  obtained.  Various  surveys 
were,  however,  conducted  in  Ireland  about  1752  and  1755,  but  the  in- 
struments employed  were  of  the  class  known  as  circumferenters,  very 
similar  to  that  described  in  the  old  book  of  Diggs. 

The  necessity  for  more  accurate  instruments  being  publicly  ac- 
knowledged, the  celebrated  Englishman,  Ramsden,  undertook  to  inves- 
tigate the  question,  and  his  scientific,  mathematical,  mechanical  and 
general  practical  knowledge  led  to  the  ever-memorable  invention  of 
his  dividing  engine  for  the  purpose  of  graduating  or  dividing  astro- 
nomical and  surveying  circles  by  machinery  instead  of  by  hand,  as  had 
been  the  case  up  to  that  time. 

It  is  only  just  to  remark  that  Bird  wrote  a  work  upon  a  system  of 
graduating  instruments  in  1767. 

The  history  of  the  progress  made  by  Ramsden  is  as  interesting  as 
it  is  important;  but  it  was  not  until  he  had  experienced  various  failures 
that  he  succeeded.  The  division  of  a  circle  by  hand  before  and  up  to 
the  time  of  the  discovery  of  the  dividing  engine,  introduced  inequality, 
as  may  be  supposed,  producing  serious  errors  in  the  angles  observed 
with  such  instruments;  but  the  Ramsden  engine  reduced  such  inequal- 
ity to  a  minimum,  and  the  mechanism  which  he  devised  has  not,  to 
the  knowledge  of  the  writer,  been  superseded;  in  fact,  we  may  go  as 
far  as  to  say  that  the  division  of  a  circle  is  now  performed  by  the 
delicate  modern  dividing  engine  with  almost  mathematical  precision. 

The  system  introduced  by  Ramsden  was  soon  adopted  throughout 
Europe,  and  from  that  period  geodetical  surveying  may  be  said  to  be 
placed  upon  a  more  certain  and  perfect  basis.  When  the  dividing 
engine  was  completed,  Ramsden  constructed  his  great  theodolite  of 
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36  ins.  in  diameter,  the  division  of  the  horizontal  circle  being  sub- 
divided by  means  of  micrometrical  microscopes  to  read  to  a  single 
second  of  arc.  The  telescope  of  this  instrument  had  a  focal  length  of 
36  ins.,  and  was  the  first  important  instrument  used  upon  the 
English  trigonometrical  survey.  Eamsden  constructed  a  second 
theodolite  of  the  same  class  and  dimensions,  which  was  also  employed 
in  the  English  geodetical  operations.  It  is  curious  to  note  that 
Bamsden's  first  theodolite  is  still  preserved  in  England  in  perfect 
condition. 

In  the  year  1784  an  English  base  line  was  measiired  with  a  steel 
chain  which  had  been  jjrepared  by  Ramsden,  and  two  independent 
measurements  of  the  same  base  were  made  by  this  chain,  difiering  only 
by  1.5  in.  from  each  other  in  a  total  distance  of  5  miles.  Repeated 
measurements  of  other  base  lines  gave  a  less  difference. 

The  English  trigonometrical  survey  was  delayed  by  the  death  of 
General  Boy,  and  it  was  not  until  the  year  1791  that  it  was  recom- 
menced. The  detailed  account  of  the  various  scientific  processes 
adojited,  and  instruments  employed  in  carrying  it  out,  was  published 
by  Mudge  &  Dalby  in  1799. 

The  repeating  surveying  circles  employed  by  the  French  in  geo- 
detical operations  were  found  not  to  be  capable  of  comi^eting  with 
Bamsden's  theodolite,  because  the  peculiar  construction  of  the  former 
class  of  instrument  did  not  insure  its  entire  stability. 

In  the  East  Indies,  in  latitude  23°  18'  0",  a  degree  was  measured, 
and  found  to  contain  56  725  toises.  Laplace  and  Lagrange  proposed,  in 
1791,  that  a  standard  linear  unit  of  measure  should  be  adopted  in 
France,  and  to  be  made  equal  to  TTrooinroo  part  of  the  earth's  quadrant, 
and  to  be  called  a  meter.  It  was  also  proposed  that  the  length  of  this 
quadrant  should  be  determined  by  the  measurement  of  an  arc  of  9^40' 
24",  two-thirds  of  which  was  to  be  north  of  the  45th  parallel,  the  north- 
ern terminus  being  Dunkirk,  France,  and  the  southern,  Barcelona,  in 
Spain.  The  celebrated  mathematician  Delambre  was  in  charge  of  the 
former,  and  Mechain  of  the  latter.  The  present  length  of  the  French 
meter  is  the  result  of  their  labors. 

Mudge  measured  various  base  lines  in  England,  and  continued  the 
triangulation,  completing  an  arc  of  2°  50'  0",  from  which  he  deduced  the 
length  of  1°  in  latitude  53^  to  be  equal  to  57  017  toises,  and  in  latitude 
51^  it  was  determined  to  be  57  108  toises. 
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Biat  and  Arago  commenced  in  the  year  1806  to  extend  the  triangu- 
lation  from  Mount  Mongo,  on  the  coast  of  Valencia,  to  Formentera, 
comi^leting  an  arc  of  12°  22'  13.44",  the  operations  extending  over  two 
years.  The  position  of  Formentera  was  corrected  by  Biat  in  1825,  and 
found  to  diifer  by  9 "  from  the  first  determination. 

In  1821  it  was  determined  that  the  length  of  1°  in  45°  north  latitude 
was  equal  to  56  964  toises,  and  in  1841,  Puissant  discovered  another 
error,  changing  the  length  of  1°  to  57  032  toises.  It  is  important  to  note 
that  on  this  occasion  the  principle  of  correction  by  least  squares  was 
employed  for  the  first  time.  Geodetic  operations  were  not  commenced 
in  Prussia  before  1802. 

The  Russians  made  some  unimportant  attempts  to  measure  a  base 
line  in  1737,  but  no  definite  result  was  achieved.  Colonel  Tenner  and 
Struve  initiated  a  better  system  in  1817,  and  continued  it  until  1827. 
An  arc  of  4.5°  was  measured,  the  angles  being  observed  by  a  reflecting 
theodolite  of  the  French  type,  16  ins.  in  diameter.  In  ten  years  from 
1821,  Struve  finished  an  arc  of  3.5°. 

There  being  a  gap  between  Russia  and  Lapland,  it  was  determined 
to  measure  the  intervening  arc,  and  the  operations  were  conducted  by 
Struve  and  Argelander,  and  completed  in  1844.  Finally,  the  measure- 
ments were  continued  through  Norway  and  Sweden,  the  operations 
being  conducted  by  Struve,  Selander  and  Hansteen.  At  the  end  of  1855 
an  arc  of  25°  20'  9.29"  had  been  completed.  The  Russian  party  em- 
ployed eight  base  lines,  224  principal  triangles,  and  nine  astronomical 
determinations.  The  Scandinavian  party  used  two  base  lines,  33 
principal  triangles,  employing  four  astronomical  stations. 

Struve  discovered  that  the  periodic  error  of  observation  due  to  the 
mode  of  repetition  was  very  considerable,  and  this  led  him  to  adopt 
the  plan  of  measuring  the  same  angle  upon  different  parts  of  the 
graduated  horizontal  circle.  The  deductions  arrived  at  by  Struve 
from  the  measurement  of  his  great  arc  of  25°  20'  9.29",  Avere  that  the 
length  of  1°  in  latitude  53^  20' 0",  amounted  to  57  092  toises.  In 
55°34'0",  it  was  57  166;  in  56°  32'  0"  it  amounted  to  57  121;  in 
57°  28'  0",  it  was  57  123,  and  in  59°  14'  0"  it  was  57  125  toises.  The 
small  number  of  astronomical  stations  selected  by  the  Russian  and 
Swedish  Commissioners,  rendered  this  great  arc  of  less  value  than 
otherwise  would  have  been  the  case. 

In  1818  General  Maufflin  carried  on  geodetical  operations  with  the 
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object  of  connecting  Sesburg  with  Dunkirk,  and  the  arc  measured 
amounted  to  8°  21' 18'. 

Brest  was  connected  with  Strasbourg  by  General  Bonn  between 
1818  and  1823.  The  whole  of  the  operations  were  carried  out  at  night, 
a  light  being  placed  in  the  focus  of  parabolic  reflectors  for  the  signals 
at  the  principal  stations,  and  the  observations  for  the  determination  of 
the  difference  of  longitude  were  aided  by  powder  flashes. 

A  trigonometrical  survey  was  made  in  Hanover  by  Gauas,  who 
measured  an  arc  of  2°  57'  0",  and  he  calculated  the  length  of  1°  to 
be  57  033  toises.  He  also  employed  a  heliotroise  as  a  signal  at  some 
of  the  stations.  The  arc  of  1°  31'  53"  measured  in  Denmark  gave 
57  092  toises  as  the  length  of  1'^  in  latitude  54o  8'  13". 

One  of  the  most  important  and  extensive  trigonometrical  surveys  on 
record  was  that  commenced  by  Colonel  Lamton  in  India  and  continued 
by  the  celebrated  Colonel  Everest  in  1823.  The  latter  employed  a 
theodolite  with  a  divided  horizontal  circle  of  36  ins.  diameter,  and  he 
extended  the  triangulations  from  18 ^  3'  0"  to  24°  17'  0".  He  was  also 
the  inventor  of  that  beautiful  type  of  theodolite  bearing  his  name. 
This  great  survey  was  continued  from  1843  to  1861  by  Sir  A.  Waugh, 
and  he  added  8  000  miles  to  the  Indian  chain  of  triangles. 

General  Walker  succeeded  him,  and  in  13  years  completed  5  500 
miles  of  triangulations,  occupying  55  azimuth  stations,  and  deter- 
mined 89  astronomical  positions.  The  sides  of  the  triangles  employed 
were  from  15  to  60  miles  in  length,  and  in  various  cases  towers  of 
masonry  work  were  erected  50  ft.  in  height.  Heliotrope  signals  were 
employed  at  the  stations  during  the  day,  and  Argand  lamps  at  night. 

The  amplitude  of  the  great  Indian  arc  amounted  to  23°  49'  23.54", 
but  it  is  believed  that  the  local  attraction  of  the  Himalayan  Mountains, 
etc. ,  aSected  the  latitude  and  azimuth  determinations.  It  is,  however, 
very  curious  to  note  that  when  the  calculated  effects  of  such  attractive 
forces  were  applied,  there  still  existed  a  slight  discrepancy.  The 
principal  object  of  this  immense  national  survey  is  the  formation  of 
an  exact  topographical  map  exhibiting  the  area  of  the  Empire  within 
fixed  boundary  lines. 

In  1871,  the  celebrated  optician  and  mathematical  instrument 
makers,  Troughton  &  Simms,  of  London,  constructed  a  new  theodo- 
lite for  the  Indian  survey,  the  horizontal  circle  of  which  was  36  ins.  in 
diameter.      It  was  very  finely  divided,  and  the  graduations  of   the 
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horizontal  circle  were  read  by  six  principal  micrometer  microscopes. 
The  telescope  also  had  a  great  focal  length  and  very  large  object  glass. 
A  great  number  of  other  theodolites  ranging  from  15  down  to  5  ins.  in 
diameter  are  constantly  employed  upon  this  survey.  A  very  careful 
system  of  spirit-level  operations  has  also  been  introduced,  the  observa- 
tions being  taken  by  instruments  constructed  especially  large,  and 
in  this  way  a  considerable  number  of  elevations  have  been  accurately 
determined. 

During  the  field  season  of  1891,  the  Behar-detachment  surveying 
party  in  Bengal  completed  a  traverse  survey  of  1  610  sq.  miles.  The 
No.  10  party  in  Bombay  also  completed  2  536  sq.  miles  of  detailed 
survey  for  maps  on  a  scale  of  2  ins.  to  1  mile,  and  also  2  100  sq. 
miles  of  triangulation  in  the  Gujaral  and  Mahratta  country.  In 
Burma,  No.  3  surveying  party  completed  a  cadastral  survey  of  1  842 
sq.  miles,  and  a  traverse  survey  of  1  142  sq.  miles  in  the  district 
of  Shwebo,  besides  a  topographical  survey  of  106  sq.  miles  of  the 
Chindwin  coal  fields.  Various  other  important  surveys  were  also  insti- 
tuted and  are  at  present  in  continuation. 

The  celebrated  United  States  Coast  Survey  seems  to  have  been 
commenced  in  about  1807,  but  a  more  general  system  was  introduced 
in  1831.  In  some  of  the  geodetical  operations  Borden  employed 
theodolites  with  circles  of  12  ins.  in  diameter.  In  1867,  from  the 
measurement  of  6  arcs,  it  was  found  that  in  latitude  43°  and  in  longi- 
tude 70°  20'  0",  the  length  of  1°  was  determined  to  be  111  096  m., 
or  57  000.3  toises.  The  Pamlico-Chesapeake  arc  of  4°  31'  5"  was 
measured  in  1876,  and  it  was  found  that  the  total  error  due  to  local 
deflection  did  not  amount  to  more  than  3.5". 

The  length  of  1°  in  latitude  37°  16'  0"  and  longitude  76^  8'  0"  was 
found  to  be  56  999  toises. 

The  degree  of  accuracy  to  be  attained  in  a  trigonometrical  survey 
depends  uj)on  the  precision  of  measurement  of  the  primary  base  line, 
as  well  as  the  angles,  and  also  upon  the  fine  mathematical  processes 
applied  to  reduce  and  adjust  such  discrepancies  as  may  have  arisen 
during  the  jirocess  of  observing.  In  no  country  has  more  attention 
been  given  to  the  improvement  and  practical  application  of  geodetic 
details  than  in  the  United  States,  as  the  vast  amount  of  valuable 
work  of  this  class  already  effected  exhibits. 

In  the  year  1834,  on  the  great  coast  survey  a  base  line  was  measured 
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at  Fire  Island,  on  the  south  side  of  Long  Island,  of  5.415  miles  in 
length,  in  1844  a  second  base  line  was  measured  in  Attleboro  and 
Sharon,  Massachusetts,  and  a  third  base  near  the  village  of  Epping, 
near  Columbia,  Washington  County,  Maine,  in  1857.  The  distance 
between  the  Fire  Island  and  Massachusetts  bases,  taken  along  the 
axial  line  of  triangles,  was  230  miles,  and  that  between  the  Massa- 
chusetts and  Epping  bases  amounted  to  295  miles.  An  exceedingly 
high  degree  of  precision  was  attained  in  those  operations,  for  the 
actual  measured  Fire  Island  base  differed  only  by  2.75  ins.  from  the 
length  as  calculated  from  the  other  two  bases.  Doubtless,  when  some 
of  the  more  recent  geodetical  operations  carried  on  in  the  United 
States  are  more  generally  made  known,  their  precision  and  gi-eat  im- 
portance will  be  thoroughly  recognized  by  the  scientific  world. 

The  United  States  geodetical  surveyors  do  not,  apparently,  employ 
theodolites  of  more  than  12  to  14  ins.  in  diameter,  sizes  which  are 
preferred  to  the  larger  ones. 

Some  of  the  good  points  requisite  in  theodolites  of  precision  for 
geodetical  operations  consist  of  moderate  lightness  of  construction, 
rigidity  of  j^arts  to  resist  flexiire  and  stability  of  working  parts, 
accurate  divisions  and  also  subdivisions  by  verniers  or  microscopical 
micrometers,  minimum  eccentricity  and  great  power  of  telescope; 
this  should  have  the  line  of  collimation  made  to  agree  with  the 
optical  axis  and  center  of  the  horizontal  divided  circles.  On  no  ac- 
count should  there  exist  a  dead  counterpoise  weight  on  one  side  of  the 
vertical  circle  axis,  as  is  sometimes  the  case  for  the  object  of  balancing 
the  vertical  circle  and  tangent  screw  apparatus.  It  would  be  far  pre- 
ferable to  have  two  vertical  circles  with  double  tangent  and  clamp 
appai'atus  and  levels.  This  would  be  a  great  improvement  and  would 
oflfer  greater  advantages  for  correct  astronomical  observations  and 
other  uses  than  is  possible  when  only  one  vertical  circle  is  attached  to 
the  instrument.  It  is,  however,  difficult  to  obtain  an  instrument  which 
would  fulfill  all  these  conditions.  The  nearest  approach  to  i3erfection 
in  the  construction  of  instruments  is  to  be  found  in  those  made  by 
Troughton  &  Simms,  of  London,  and  the  oj^ticians  of  the  United  States, 

Transit  theodolites  of  7.5  ins.  in  diameter  are  exceedingly  useful  and 
sufficient  for  most  ordinary  purposes.  In  elevated  regions  where  the 
air  is  clear  and  steady,  as  in  the  mountains  of  the  Argentine  Eepublic, 
such  instruments  would  serve  to  observe  the  angles  of  a  secondary 
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series  of  triangles  in  a  trigonometrical  survey,  especially  if  microscopi- 
cal micrometers  were  to  be  attached.  Five  and  6-in.  theodolites  are 
now  constructed  to  read  to  10"  of  arc  by  that  means.  Por  exploring 
parties  in  elevated  regions,  these  instruments  would  be  sufficient  for 
pioneer  work,  and  for  taking  simple  astronomical  observations  for 
latitude  and  longitude. 

It  has  been  observed  that  the  diflferences  were  so  small  between  the 
steel  standard  chain,  and  glass  tubes,  when  employed  to  measure  a 
base  line,  that  preference  was  given  to  the  chain.  Borda  employed  a 
measuring  instrument  constructed  of  j)latina  and  brass.  Colby  meas- 
ured a  base  line  in  Ireland,  nearly  8  miles  in  length,  with  an  error  of  less 
than  2  ins.  This  apjjaratus  consisted  of  two  bars,  one  of  iron  and  the 
other  of  brass,  riveted  together  at  the  centers  ;  these  bars  were  com- 
pensating and  performed  excellent  work. 

In  the  United  States,  the  measuring  bar  or  instrument  for  determin- 
ing the  length  of  the  base  line  consisted  of  two  bars,  one  of  iron  and 
the  other  of  brass,  each  less  than  6  m.  in  length.  Bessel's  measuring 
apparatus  also  consisted  of  two  bars,  one  of  iron  and  the  other  of  zinc. 

Various  classes  of  instruments  for  measuring  base  lines  have  been 
introduced  with  varying  results  ;  but  many  of  these  forms  have  been 
abandoned. 

The  slight  discrepancy  occurring  in  measuring  the  three  sides  of  a 
series  of  primary  triangles  renders  it  necessary  to  employ  the  ordinary 
corrections,  and  also  the  well-known  principle  of  least  squares  ;  but  it 
is  curious  to  note,  that  after  the  most  refined  mathematical  principles 
were  applied  and  allowances  made  for  the  effect  of  deflection  produced 
by  the  attraction  of  the  Himalaya  Mountains,  etc. ,  in  India,  a  slight  dis- 
crepancy still  remained,  which  apparently  could  not  be  accounted  for. 

The  practice  of  the  world  in  geodetical  surveying  is  of  the  greatest 
utility  as  well  as  scientific  interest  to  the  newer  countries,  such  as  the 
South  American  Eepublics,  which  have  the  great  advantage  of  being 
able  to  select  the  best  instruments  and  modes  where  it  may  be  neces- 
sary to  carry  out  such  operations  ;  advantages,  in  point  of  fact,  that 
did  not  exist  in  the  time  of  the  first  observers. 

Topographical  and  general  surveying  are  of  the  greatest  practical 
utiHty  as  primary  elements  in  carrying  out  engineering  works,  but  the 
old-fashioned  mode  of  tracing  contours  naturally  retarded  these  very 
expensive  operations.     Nothing  could  be  better  than  a  well-combined 
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system  of  direct  theodolite  surveying  and  spirit-level  operations,  but 
■when  the  contour  lines  are  too  close  together,  and  the  scale  of  the 
map  is  small,  the  details  become  very  confused  and  are  lost  in  the 
drawing ;  besides,  in  intricate  chains  of  mountains,  such  as  those 
found  parallel  with,  and  on  the  eastern  side  of  the  Andes,  if  an  engi- 
neer were  once  to  enter  some  of  those  deep  gorges  for  the  object  of 
contour  surveying,  he  would  scarcely  ever  come  out. 

Generally  speaking,  fine  contour  observations  should  be  laid  down 
upon  a  plan  to  a  very  large  scale,  and  then  reduced  by  photo-zincog- 
raphy, or  by  other  means  which  are  sometimes  adopted  on  the  Ordnance 
Survey  of  England. 

The  method  of  finding  distances  and  altitudes  by  the  stadia  and 
telemeter  processes,  has  found  favor  in  various  countries,  and  has  had 
much  application  in  the  United  States.  This  plan  of  determining 
distances  is  well  known  to  engineers,  and  needs  not  to  be  described; 
suffice  it  to  say,  that  it  is  vastly  sujjerior  to  the  old  modes  for  getting 
over  a  large  area  of  ground  in  a  given  time. 

Some  have  advocated  micrometrical  eye-pieces  attached  to  the  eye- 
end  of  a  transit  telescope  having  one  or  more  horizontal  wires  placed 
in  the  focus;  but  this  process  has  not  produced  good  results  in  India, 
arising  from  the  fact  that  the  movable  frame  carrying  the  horizontal 
wires  cannot  be  placed  in  the  same  vertical  plane  as  the  horizontal  fixed 
wire  in  the  focus  of  the  telescope.* 

No  trigonometrical  survey  has,  as  yet,  been  commenced  in  the  Argen- 
tine Republic;  consequently,  all  the  maps  have  been  constructed  from 
partial  railway  and  other  surveys,  and  from  a  determination  of  the 
latitude  and  longitude  of  places. 

A  new  system  of  finding  distances  has  been  invented  and  practiced 
in  India,  with  great  success,  by  Colonel  Tanner,  Indian  staff  officer. 
As  a  preliminary,  he  says  : 

"Several  delicate  and  expensive  instruments  were  already  at  hand 
with  micrometrical  eye-pieces  attached,  by  which,  when  used  in  con- 
junction with  bars  of  known  length,  horizontal  distances  could  be 
measured  more  or  less  near  the  truth;  but  such  instruments  were  too 
complicated  and  delicate  in  their  parts  to  bear  the  rough  treatment 
they  might  receive  at  the  hands  of  the  native  establishments  to  whom 
I  had  mostly  to  look  when  conducting  the  Himalayan  survey.  Besides 
"this  drawback,  I  have  not  found  micrometrical  instruments  capable 

*  In  the  United  S'ates  the  three  cross-bars  are  placed  on  the  same  frame  or  diaphragm. 
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of  yielding  results  sufficiently  accurate  for  the  purpose  of  obtaining' 
traverse  distances  -within  the  prescribed  error  admissible  for  work  on 
a  large  scale  of  56. 7  ins.  to  1  mile,  which  was  laid  down  for  the  more 
open  parts  of  the  country  that  would  come  under  my  measurements. " 

The  Colonel  then  describes  his  process  of  bar-subtense,  which  con- 
sisted in  setting  up  a  wooden  bar  of  20  ft.  in  length  at  any  distance 
horizontally,  and  then  observing  the  intervening  angle,  and  calculating 
the  distance  by  a  well-known  simple  trigonometrical  rule. 

Each  end  of  the  bar-subtense  was  mounted  with  a  circular  disc,  12, 
ins.  in  diameter,  to  the  center  of  each  of  which  the  vertical  wire  of  the 
theodolite  telescope  was  directed.  He  states  that  under  favorable^ 
conditions  of  light  and  atmosphere  a  skilled  observer  could  obtain 
a  3-mile  distance  to  within  6  ft.  of  error;  also,  that  a  10-ft.  horizontal 
bar  would  give  good  results  up  to  1.5  miles. 

The  Colonel  seems  to  have  experimented  with  bars  down  to  a  2-ft. 
Gunther's  scale,  blackened  at  the  ends  with  2-in.  discs,  and  he  states- 
that  he  obtained  good  results  for  a  20-chain  distance.  He  gives  the 
following  example  of  calculation  : 

Bar  =  20  ft.  =         30.3  links Log....     1.48144 

Observed  angle  =    20'  11.9" Co.  sec.     2.23122 


Log.   distance     =    51.60.  chains . . ; 3.71266 

It  is  evident  that  this  plan  would  be  facilitated  by  forming  a  table 
of  distances  of,  say,  from  2  to  200  chains  and  for  such  angles  as  would 
be  employed. 

Colonel  Tanner  states  that  it  is  an  error  to  suppose  that  a  dis- 
tance cannot  be  found  correctly  because  the  angles  are  very  small  and 
the  relation  of  the  sides  of  the  triangle  does  not  approach  to  that  of 
an  equilateral  triangle;  and  he  further  states  that  the  results  to  be  ob- 
tained are  superior  to  any  other  short  of  a  trigonometrical  survey. 

The  writer  has  calculated  a  table  of  distances  for  a  series  of  ^iven 
angles  and  a  bar  subtense  of  25  m.  Table  No.  1  commences  at  0°  10'  0" 
and  proceeds  to  0°  10'  25 "  and  the  corresponding  distances  are  8  594.88 
and  8  250.60  m.,  respectively.  Distances  are  given  for  each  second  of 
arc,  and  the  difference  in  distance  for  1 "  between  0°  10'  0 "  and  0^  10'  1" 
is  equal  to  14.30  m.,  and  that  between  the  angles  of  0-  10'  24"  and  0°^ 
10'  25"  is  13.23  m.    The  increment  of  0°  0'  0.1"  in  the  former  is  1.430  m.,. 
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and  for  the  latter  it  is  1.323m.,  and  tlie  increment  for  any  other  part  of 
1"  may  be  easily  found. 

Table  No.  2  has  been  calculated  for  horizontal  angles  from  0°  15'  0" 
up  to  0°  15'  25",  the  distance  for  each  being  5  729.73  and  5  57475  m., 
respectively.  The  difference  in  distance  between  the  angles  0*^ 
15'  24"  and  0^  15'  25"  is  6.02  m.,  and  the  increment  for  0°  0'  0.1"  is 
0.602  m. 

Table  No.  3  commences  from  0°  20'  0"  to  0^  20'  25",  and  the  differ- 
ence in  distance  between  the  angles  0°  20'  24"  and  0°  20'  25"  is  3.21  m., 
and  for  an  increment  of  0°  0'  0.1"  is  0.321  m. 

"We  observe  that  the  difference  in  the  distance  decreases  with  the 
increase  of  the  angle,  and  for  this  reason  when  very  small  angles  are 
observed,  say,  less  than  10',  an  instrument  very  finely  graduated 
and  mounted  with  a  powerful  telescope  would  be  required.  A  9  or 
12-in.  transit  theodolite  could  be  constructed  to  read  by  micrometrical 
microscopes  to  a  decimal  part  of  a  second,  and  good  results  could 
be  obtained  without  expending  time  and  money  in  the  measurement 
of  a  base  line. 

TABLE  No.  1. 


Observed 

Horizontal 

Angks. 

Constant 

Base  or 

Subtense. 

Logarithmic 
Sines. 

Logarithmic 
Secants. 

Calculated 
Distance. 

Difference 

in 
Distance. 

0°  10' 

25 

7.4637255 

2  5362745 

8594.38 

0    10      1" 

25 

7.4644487 

2.5355513 

8580.80 

14  30 

0    10      2 

25 

7.4651707 

2.5348293 

8565.83 

14  25 

0    10      3 

25 

7.4658916 

2.5341084 

8551.62 

14.21 

•0    10      i 

25 

7.4666112 

2.5333888 

8537.46 

14.16 

0    10      5 

25 

7.4673296 

2.5326704 

8523.35 

14.11 

0    10      6 

25 

7.4680469 

2.5319531 

8509.25 

14.10 

•0     10      7 

25 

7.468/629 

2.5312371 

■  8495.27 

13.98 

0    10      8 

25 

7.4694778 

2.5305222 

8481.30 

13.97 

•0    10      9 

25 

7.4701915 

2.5298085 

8467.37 

13.93 

■0    10    10 

25 

7.4709041 

2.5290959 

8453.48 

13.89 

■0    10     11 

25 

7.4716154 

2.5283846 

8439.65 

13.83 

0    10    12 

25 

7.4723257 

2.5276743 

8425.89 

13.76 

0    10    13 

25 

7.4730347 

2.5269653 

8412,14 

13.75 

■0    10    14 

25 

7  4737426 

2.5262574 

8398.40 

13.74 

0    10    15 

26 

7.4744493 

2.5255507 

8384.76 

13.64 

•0    10    16 

25 

7.4751549 

2.5248451 

8371.15 

13.61 

0    10     17 

25 

7.4758594 

2  5241406 

8357.58 

13.57 

0    10    18 

25 

7.4765627 

2.5234373 

8344  06 

13.52 

■0    10    19 

25 

7.4772649 

2.5227351 

8330.58 

13.48 

0    10    20 

25 

7.4779650 

2  5220350 

8317.16 

13.42 

•0    10    21 

25 

7.4786658 

2.5213342 

8303.75 

13.41 

0    10    22 

25 

7.4793646 

2.5206354 

8290.40 

13  35 

0    10    23 

25 

7.4800623 

2.5199377 

8277.09 

13.31 

0     10     24 

25 

7.4807588 

2.5192412 

8263  83 

13.26 

0     10     25 

25 

7.4814542 

2.5185458 

8250.60 

13.23 
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TABLE  No.  2. 


Observed 

Horizontal 

Angles. 

Constant 

Base  or 

Subtense. 

Logarithmic 
Sines. 

Logarithmic 
Secants. 

Calculated 
Distance. 

Difference 

in 
Distance. 

0°  15' 

25 

7.6398160 

2.3601940 

5729.73 

0    15      1" 

25 

7.6402983 

2.3597017 

5723.24 

6.49 

0    15      2 

25 

7.6407800 

2.3592100 

5716.76 

6.48 

0    15      3 

25 

7.6412612 

2.3587388 

5710.56 

6.20 

0    15      4 

25 

7.6417419 

2.3.'i82581 

5704.24 

6.32 

0    15      5 

25 

7.6422221 

2.3577779 

5697.94 

6.30 

0    15      6 

25 

7.6427017 

2.3572983 

5691.65 

6.29 

0    15      7 

25 

7.6431808 

2.3568192 

5685.37 

6.28 

0    15      8 

25 

7.6436593 

2.3563407 

5679.12 

6.25 

0    15      9 

25 

7  6441373 

2.3558627 

51)72.87 

6.25 

0    15    10 

25 

7.6446149 

2.3553851 

5666.63 

6.24 

0    15    11 

25 

7.6450918 

2.3549082 

5660.42 

6.21 

0    15    12 

25 

7  6455683 

2  3544317 

6654.20 

6.22 

0    15    13 

25 

7.6460442 

2.3539.558 

5648.02 

6.18 

0    15    14 

25 

7.6465196 

2.3534804 

5641.84 

6.18 

0    15    15 

25 

7.6469945 

2.3530055 

5635.67 

6.17 

0    15     16 

25 

7.6474689 

2.3525311 

5629.51 

6.16 

0    15     17 

25 

7.6479428 

2.3520572 

5623.38 

6.13 

0    15    18 

25 

7.6184161 

2.3516839 

5617.25 

6.13 

0    15    19 

25 

7  6488889 

2.3511111 

5611.14 

6.11 

6     15    20 

2) 

7.6493613 

2.3.506387 

5605.04 

6.10 

0    15    21 

25 

7.6498331 

2.3501669 

6598.95 

6.09 

0    15    22 

25 

7.6503043 

2.3496957 

6692  88 

6.07 

0    15    23 

25 

7.6507751 

2.3492249 

6586.82 

6.06 

0    15    24 

25 

7.6512454 

2.3487545 

5580.77 

6.05 

0    15    25 

25 

7.6517151 

2.3482849 

5574.75 

6.02 

TABLE  No.  3. 


Observed 

Horizontal 

Angles. 

Constant 

Base  or 

Subtense. 

Logarithmic 
Sines. 

Logarithmic 
Secants. 

Calculated 
Distance. 

Difference 

in 
Distance. 

0°  20' 

25 

7.7647537 

2.2352463 

4297.24 

0    20      l'" 

25 

7.7651154 

2.2348846 

4293  51 

3.69 

0    20      2 

25 

7.7654769 

2.2345231 

4289.98 

3.57 

0    20      3 

25 

7.7658380 

2.2341620 

4286  42 

3.56 

0    20      4 

25 

7.7661989 

2.2338011 

4282.86 

3.56 

0    20      5 

25 

7.7665594 

2.2334406 

4279.30 

3.66 

0    20      6 

25 

7.7669197 

2.2330803 

4275.76 

3.54 

0    20      7 

25 

7.7672797 

2.2327203 

4272.22 

3.54 

0    20      8 

25 

7  7676393 

2.2323607 

4268.68 

3.54 

0    20      9 

25 

7,7679987 

2.2320013 

4265.15 

3.53 

0    20     10 

25 

7.7683577 

2.2316423 

4261.63 

3.52 

0    20     11 

25 

7.7687165 

22312835 

4258.11 

3.52 

0     20     12 

25 

7.7690750 

2.2309250 

4254.59 

3.52 

0    20    13 

25 

7.7694332 

2.2305668 

4251.08 

3.51 

0    20    14 

25 

7.7697910 

2.23021190 

4247.58 

3.50 

0    20    15 

25 

7  7701486 

2.2208514 

4244.08 

3.50 

0    20    16 

25 

7.7705059 

2.2294941 

4240.59 

3.49 

0    20    17 

25 

7.7708629 

2.'2291371 

4237.11 

3.48 

0    20    18 

25 

7.7712196 

2.2287804 

4233.63 

3.48 

0    20    19 

25 

7  7715760 

2.2284240 

4230.15 

3.48 

0    20    20 

25 

7.7719332 

2.2280668 

1226.69 

3.46 

0    20    21 

25 

7.7722880 

2  2277120 

4223.23 

3.46 

0    20    22 

25 

7.7726435 

2.2273565 

4219,78 

3.45 

0    20    23 

25 

7.772998S 

2.2270012 

4216.34 

3.44 

0    20    24 

25 

7.7733537 

2.2265463 

4213.01 

3.33 

0    20    25 

25 

7.7737084 

2.2262916 

4209  80 

3.21 
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Such  determination  of  distances  could  not  be  approached  in  point 
of  accuracy  by  ordinary  chain  measurement.  Naturally  the  bar- 
subtense,  or,  as  it  may  be  termed,  constant  base,  should  be  laid  hori- 
zontal; and  where  the  ground  is  irregular,  it  would  have  to  be  elevated 
so  as  to  be  within  view  of  the  engineer.  It  should  be  brought  in  a 
position  correctly  at  right  angles  to  the  line  to  the  observer.  If  a 
telescope  were  to  be  mounted  at  the  middle  of  the  bar-subtense,  the 
assistant  would  be  able  to  bring  it  into  a  proper  position,  A  little 
practice  would  conduce  to  the  achievement  of  this. 

It  has  been  proposed  to  determine  the  topographical  features  of  tho 
country  by  observations  taken  from  a  captive  balloon  by  means  of 
photography,  but  there  would  be  some  difficulty  in  steadying  a  balloon 
over  a  central  point,  except  perhaps  in  very  calm  weather.  The  dis- 
trict commanded  by  the  camera  lens  would  have  to  be  determined 
upon  the  surface  so  as  not  to  produce  overlapping  when  the  balloon 
was  removed  to  adjacent  districts. 

Originally,  the  comparatively  rough  trigonometrical  and  other  sur- 
veying operations  were  very  laborious  and  tedious,  frequently  intro- 
ducing inaccuracy  in  the  general  deductions;  especially  was  this  the  case 
before  the  invention  of  logarithms  and  logarithmic  sines  and  co-sines. 
If  we  go  no  farther  back  than  1610,  the  mathematical  tables  published 
up  to  the  present  time  are  numerous;  but  some  of  the  larger  and  more 
important  works,  such  as  Gardiner,  1642;  Taylor,  1792,  and  Vega's 
10-figure  logarithms,  published  in  1791,  have  become  very  scarce. 

The  greatest  masterpiece  of  work  of  this  class,  known  to  the  writer, 
is  that  published  by  General  Shortridge  in  1873,  which  contains 
logarithmic  sines,  co-sines,  etc.,  to  every  second  of  arc.  This  table 
extends  to  597  pages.  We  now  possess,  therefore,  means  of  a  very 
comprehensive  nature,  by  the  aid  of  which  we  can  perform  a  greater 
amount  of  arduous  labor  with  greater  facility  and  certainty  and  under 
more  favorable  circumstances  than  heretofore.  The  practice  of  astron- 
omy, geodesy,  navigation  and  general  surveying  is  therefore  a  very 
different  thing  to  what  it  was  in  ancient  times. 

Babbage  mentions  that  there  exists  in  the  Paris  observatory  manu- 
script tables  of  logarithms  calculated  to  a  large  number  of  decimal 
places,  and  he  calls  it  a  "Treasure  of  Calculations." 

Mining  surveying  is  extensively  practiced  in  the  countries  where 
the  mining  industry  has  been  followed.     It  is  not  only  of  great  impor- 


152HOSKOLD  ON  SUEVEYING  AND  SURVEYING  INSTRUMENTS. 

tance  for  the  object  of  forming  under-ground  plans  whicli  should 
accurately  represent  subterraneous  workings,  but  it  is  frequently 
applied  in  order  to  determine  the  position,  direction  and  length  of 
underground  galleries  or  tunnels  which  may  be  necessary  to  be  con- 
structed for  the  more  economic  extraction  of  the  minerals.  Frequently 
such  tiinnels  have  to  be  driven  from  two  opposite  points  at  the  tsame 
time  upon  horizontal,  slow-inclined  and  curved  jjlanes,  and  then  the 
art  of  surveying  is  rigidly  put  to  the  test.  The  accuracy  of  the  meet- 
ing points  of  the  axial  line  of  the  tunnel  -will  depend  upon  the  class  of 
instrument  employed,  the  system  adojjted,  and  the  amount  of  care 
observed  in  the  measurement  of  angles  and  lines, 

In  England,  Fenwick  was  the  first  to  introduce  a  general  system  of 
mining  surveying  in  1801,  but  it  depended  upon  the  use  of  the  mag- 
netic needle  or  instrument  called  Miner's  dial.  Fenwick,  however, 
mentions  a  plan  of  observing  horizontal  angles  upon  the  graduated 
circle  of  a  circumf erenter  with  vernier,  which  system  he  called  ' '  Fast 
needle."  This  instrument  was  necessarily  very  coarse,  and  when  it 
was  necessary  to  connect  the  underground  workings  with  the  surface, 
the  magnetic  needle  had  to  be  employed.  Several  other  succeeding 
writers  advocated  the  use  of  the  miner's  compass  which  is  still, 
unforttmately,  too  much  employed. 

The  writer  published  a  treatise  upon  mining  surveying  in  1863, 
introducing  a  specially  constructed  transit  theodolite  for  observing  the 
vertical  and  horizontal  angles.  The  first  line  in  the  survey  generally 
connected  with  a  shaft  was  taken  as  an  assumed  meridian  for  plotting 
the  work  on  a  plan,  all  the  horizontal  angles  being  reduced  to  this  line 
and  plotted  by  one  setting  of  a  circular  protractor,  or,  which  was 
more  preferable,  by  co-ordinates.  A  table  of  these  was  prepared  and 
published  by  the  writer  in  the  work  referred  to;  consequently,  trigono- 
metrical calculations  were  very  much  facilitated.  This  surveying 
book  was  emi)loyed  as  a  class-examination  book  in  various  collegiate 
institutions  of  London,  the  system  inculcated  creating,  so  to  speak, 
a  new  school  of  mining  surveyors. 

The  plan  recommended  in  this  book  for  connecting  the  under- 
ground workings,  or  first  line  in  a  tunnel,  to  the  surface,  was  by  means 
of  direct  telescopic  sight  up  or  down  a  shaft,  and  also  by  suspending 
chains  when  the  depth  was  not  very  great. 

In  March  and  August  of  1856,  the  celebrated  civil  engineer,  Arthur 
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Beansland,  introduced  a  similar  system  which  was  discussed  in  the 
Institute  of  the  North-of-England  Engineers.  He  made  the  connection 
of  an  underground  line  to  the  surface,  or  vice  versa,  by  means  of  direct 
telescojaic  vision  down  a  shaft,  the  vertical  wire  in  the  focus  being 
made  to  coincide  with  the  underground  line.  For  this  process  he 
employed  a  very  powerful  transit  instrument.  The  particulars  of  his 
system  were  published  in  Vol.  IV  of  the  Transactions  of  the  Society  of 
Engineers  before  referred  to. 

This  system  has  not  become  general  in  England,  for  the  reason,  the 
writer  thinks,  that  every  mining  surveyor  may  not  find  it  convenient  to 
purchase  an  expensive  transit  instrument  which  is  not  useful  in  general 
surveying,  and  from  the  fact  that  general  surveying  theodolites  are  not 
constructed  in  such  a  form  as  to  admit  of  their  being  employed  for  this 
important  operation. 

Some  years  since  the  writer  suggested  to  Messrs.  Troughton  & 
Simms,  of  London,  that  the  vertical  axis  of  the  horizontal  plates  of  the 
theodolite  should  be  made  larger  and  perforated  so  as  to  admit  of  a 
direct  sight  of  the  telescope  down  a  shaft;  but  the  design  of  the  instru- 
ment was  lost  in  Paris,  and  consequently  allowed  to  lapse.  Recently 
the  subject  was  rediscussed  with  the  same  opticians,  who  have  actually 
made  instruments  of  this  class  for  the  Cape  of  Good  Hope  Survey,  the 
idea  being  that  the  center  of  the  theodolite  may  be  more  accurately 
set  up  over  a  station. 

In  France  and  the  United  States,  theodolites  are  sometimes  con- 
structed with  an  additional  telescope,  which  is  fixed  at  the  end  of 
the  horizontal  axis  carrying  the  ordinary  telescope.  Sometimes, 
also,  the  Y's  supporting  the  horizontal  axis  and  telescope  are  bent  for- 
ward so  as  to  admit  of  a  direct  sight  being  made  by  the  telescope  down 
a  shaft;  but  the  writer  believes  that  these  modes  of  construction  are 
clumsy,  inconvenient  and  unsightly. 

The  first  notice  known  to  the  writer  of  a  similar  mode  of  connecting 
the  first  line  in  an  underground  tunnel  to  the  surface,  or  vice  vei-sa,  is  to 
be  found  at  pages  249  and  250  of  "  Bourne's  Survey,"  published  in  1843, 
or  13  years  before  Mr.  Beansland  published  his  system.  The  method 
indicated  by  Bourne  was  employed  in  constructing  the  Box  tunnel  on 
the  Great  Western  Railway  in  England.  The  shafts  sunk  upon  the 
line  of  tunnel  were  from  300  to  400  ft.  deep,  and  20  ft.  in  diameter,  and 
the  theodolite  was  placed  on  each  side  of  the  shaft  in  succession  in  the 
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line  of  the  tunnel;  sights  were  then  taken  down  the  shaft  and  two  per- 
manent marks  placed  at  the  bottom;  a  line  was  then  stretched  through, 
the  marks  which  indicated  the  direction  of  the  tunnel.  Naturally  this 
operation  was  repeated,  and  the  direction  checked.  Bro  wne  says  that 
when  shafts  are  too  deep,  a  transit  instrument  should  be  employed. 
This  system  has  been  much  employed  for  railway  tunnels  in  England. 

The  Severn  tunnel,  in  England,  was  2  miles  in  length,  and  shafts 
were  put  down  upon  it  at  each  end  or  side  of  the  river.  From  the  top 
of  the  shafts  sights  were  taken  downward  by  a  powerful  transit  instru- 
ment placed  in  the  line  of  the  tunnel  at  the  surface;  thus,  a  portion  of 
the  tunnel,  12  ft.  in  length,  was  produced  at  the  bottom  of  the  shaft; 
a  wire  was  then  stretched  in  the  direction  indicated  by  the  vertical 
wire  in  the  focus  of  the  telescope,  the  wire  being  illuminated  by  elec- 
tricity. It  was  fastened  at  one  end  and  weighted  at  the  other,  and 
adjusted  in  the  proper  direction  by  lateral  screws.  When  100  yds.  of 
the  tunnel  had  been  driven,  its  direction  was  again  verified  by  ob- 
serving with  a  transit  telescope.  When  the  tunnel  met  from  the  two 
ends  no  difference  could  be  perceived. 

The  writer  has  executed  tunnels  in  iron  and  coal  mines  by  this 
means,  having  for  a  base  in  the  bottom  of  the  shaft,  a  distance  of  not 
more  than  7  ft. ,  and  the  error  at  the  meeting  points  was  inappreciable. 
Doubtless,  excellent  work  has  been  done  in  the  United  States  by 
this  system,  but  the  writer  has  no  special  information  at  hand,  and  is 
consequently  unable  to  refer  to  it. 

Some  years  since  the  writer  also  introduced  a  new  mining  and  gen- 
eral surveying  theodolite.  It  has  two  telescopes,  one  works  in  the 
center  of  the  axis  attached  to  the  lower  divided  limb,  and  its  optical 
axis  coincides  with  the  zero  on  that  limb.  The  optical  axis  of  the 
tipper  telescope  coincides  with  the  zero  of  the  upper  vernier  hori- 
zontal circle.  There  is,  therefore,  no  occasion  to  bring  the  zeros 
into  coincidence.  The  advantages  of  this  theodolite  are  various;  it  can 
be  employed  as  a  transit  theodolite,  and  it  is  exceedingly  useful  in 
setting  out  land  for  colonies  or  locations  when  the  lines  forming  the 
area  are  at  right  angles.  Plates  I  and  II  represent  a  theodolite  of  this 
class  of  the  ordinary  type.  Recently,  however,  it  has  received  various 
improvements,  and  one  of  the  most  recently  constructed  types  is 
exhibited  in  the  British  Section  of  the  World's  Columbian  Exposition^ 
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Tlie  evidence  is  now  almost  conclusive  that  wrouglit  iron,  as  pro- 
duced by  the  puddling  process,  will  be  largely  supplanted  for  struct- 
ural material  by  steel  or  ingot  metal,  as  produced  by  fusion  at  high 
temperature.  Public  confidence  is  now  fairly  established  in  the  trust- 
worthiness of  this  material;  the  doubts  of  many  have  been  gradually 
dissipated  by  the  result  of  experience,  and  the  manipulation  of  steel 
in  all  stages  of  its  manufacture  admits  of  such  rapidity  and  economy 
of  production  that  it  will  probably  control  future  demands  as  the  most 
desirable  form  of  structural  metal. 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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Hence,  steel  is  the  metal  given  prime  consideration  in  this  paper. 

Whether  blown  in  the  Bessemer  converter,  or  boiled  in  the  open 
hearth,  or  whatsoever  refractories  may  be  used  to  facilitate  desirable 
reactions  or  combinations,  the  general  characteristics  of  the  metal 
remain  identical.  The  engineer  demands  results  of  the  highest  stand- 
ard, without  stipulating  how  these  results  may  be  produced",  and  he 
is  only  justified  in  specifying  a  certain  process  of  manufacture,  or  the 
limitation  of  certain  combining  elements,  when  it  is  definitely  known 
that  the  system  specified  yields  more  certain  and  uniform  results  than 
otherwise.  In  the  open-hearth  process  the  character  of  the  product 
can  be  so  readily  controlled  and  predetermined,  that,  when  metal  of 
definite  uniform  composition  is  desired,  experience  favors  the  latter 
rather  than  the  pneumatic  process.  On  the  contrary,  when  a  large  out- 
put is  required  of  a  grade  readily  obtained  from  the  converter,  with 
moderate  uniformity,  the  Bessemer  process  takes  precedence. 

Prevalent  opinion  and  practice  favor  the  use  of  steel  in  structures 
Tarying  between  60  000  and  70  000  lbs.  tensile  strength  per  square  inch 
of  sectional  area.  For  special  purposes,  as  in  rivets,  etc.,  a  weaker 
(softer)  metal  is  desirable  ;  or,  the  known  advantages  of  a  stronger 
(harder)  metal  for  compression  members,  etc.,  is  an  inducement  to  its 
use,  the  principal  objection  being  its  susceptibility  to  hardening  in- 
fluences, which  in  ordinary  methods  of  production  may  result  in  suffi- 
cient hardness  to  render  cutting  processes  difficult,  or  in  extreme 
cases  material  may  be  in  a  doubtful  condition  for  service  in  structures. 
Again,  as  the  several  grades  possess  a  uniform  coefficient  of  elasticity, 
the  seeming  advantage  of  high  tensile  strength  is  not  always  avail- 
able, owing  to  necessary  limitation  of  extension  or  compression  and 
deflection.  The  adoption  of  a  uniform  grade  for  general  purposes 
would  simplify  inspection,  lessen  the  chances  of  the  various  grades 
being  misapplied,  and  contribute  to  economy  of  production. 

Hardening  Tests. — The  table  gives  results  of  a  current  series  of  hard- 
ening tests  of  O. -H.  steel,  made  on  silica  bottoms.  Three-inch  ingots 
were  hammered  to  a  uniform  section  of  f  in.  square,  then  reheated  to 
a  bright  red,  and  quenched  in  water  of  about  80°  Fahr.  The  speci- 
mens thus  hardened  were  bent  with  a  light  power-hammer  to  a  U  shape, 
the  radius  of  bend  being  not  greater  than  thickness  of  specimen.  All 
specimens  below  .13  carbon  bent  without  cracking;  all  above  .23  carbon 
broke.    Tensile  tests  for  steel  treated  in  this  manner  are  given  hereafter. 
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Carbon 

Number  bent 

Number 

Number 

Per  cent. 

Per  cent. 

Per  cent. 

per  cent. 

without  crack. 

cracked. 

breaking. 

without  crack. 

cracking. 

breaking. 

.13 

17 

1 

0 

94.4 

5.6 

0 

.U 

32 

5 

0 

86.5 

13.6 

0 

.15 

30 

6 

2 

78.9 

15.8 

5.3 

.16 

40 

10 

3 

75.5 

18.9 

5.6 

.17 

35 

18 

7 

58.3 

30 

11.7 

.18 

18 

11 

7 

50 

30 

19.4 

.19 

16 

5 

14 

45.7 

14.3 

40 

.20 

5 

3 

12 

25 

15 

60 

.21 

4 

5 

6 

26.7 

33  3 

40 

.22 

i 

3 

4 

36.4 

27.3 

36.4 

.23 

1 

0 

7 

11.5 

0 

87.5 

It  is  not  intended  here  to  discuss  the  quality  of  steel  as  determined 
by  the  component  elements,  a  subject  which  has  received  ample  atten- 
tion at  the  hands  of  competent  investigators.  Suffice  it  to  say,  that  it  is 
generally  recognized  that  phosphorus  and  sulphur  exercise  an  in- 
fluence entirely  evil,  especially  the  former  in  its  effects  on  material 
when  in  service.  If  the  manufacturer  could  banish  them  entirely,  he 
would  do  so. 

Conservative  specifications  usually  limit  both  these  elements  from 
»08  to  .10/0  for  O.-H.  steel  by  acid  process  or  one-third  less  for 
metal  made  on  basic  linings.  Manganese  is  a  necessary  corrective, 
and  is  usually  present  to  the  extent  of  A  to  .6%,  and,  if  ferro-sili- 
con  is  used  in  the  manufacture,  silicon  may  be  found  from  .10  to  .15%, 
without  any  known  disadvantage.  Carbon  will  vary  from  .15  to  .25^ 
in  the  structural  steels  under  consideration. 

It  is  desirable  that  the  cast  ingots  should  solidify  thoroughly  as 
porosities  are  apt  to  develop  into  seams  and  flaws,  and  central  cavities 
or  "piped  ingots  "  may  leave  concealed  fissures  in  finished  work.  To 
promote  soundness,  the  fluid  steel,  if  made  in  the  open  hearth,  should 
remain  in  the  furnace  until  ebullition  subsides  as  far  as  practicable. 
The  addition  of  certain  reagents,  notably  ferro-silicon,  or  minute  quan- 
tities of  aluminum,  has  a  decided  effect  in  repressing  the  effervescence^ 
Bottom  pouring  also  contributes  towards  solidity,  and  the  ingots  should 
be  kept  in  a  vertical  position  until  solid,  to  prevent  the  formation  of 
longitudinal  cavities  in  the  fluid  interior. 

If  before  rolling,  the  ingots  should  have  lost  the  initial  heat,  it  is 
preferable  to  reheat  slowly  in  a  furnace  of  moderate  temperature,  as. 
cracking  is  liable  to  ensue  if  cold  ingots  are  charged  into  a  very  hot 
furnace. 
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The  limit  of  high  temperature  for  rolling  or  forging  is  imposed 
on  the  workmen  by  the  necessities  of  the  case,  as  excessive  or  pro- 
longed overheat  will  result  in  rupture  of  the  ingot  when  reduced  in 
the  mill. 

In  the  rolling  process,  especially  for  bars  of  a  flanged  section,  the 
manufacturer  is  controlled  by  the  necessity  of  maintaining  a  proper 
distribution  of  the  metals  in  the  successive  passes  through  the  rolls; 
the  natural  flow  of  the  heated  metal  should  be  followed  by  suitable 
shajiing  of  the  successive  grooves,  so  that,  so  far  as  possible,  all  sur- 
faces should  be  acted  on  by  the  roll,  preventing  cracking  of  edges,  or 
rupture  by  unequal  tension. 

The  temperature  at  which  finished  product  leaves  the  rolls  exer- 
cises some  influence  on  its  molecular  structure.  There  is  but  little 
possibility  of  metal  being  worked  at  too  low  temperature,  but  if  roll- 
ing ceases  at  too  high  temperature,  it  is  claimed  that  a  more  open 
grain,  or  coarser  crystallization  than  otherwise,  is  observable  in  fract- 
ured steel,  with  reduced  ductility  exhibited  by  tensile  test.  A  similar 
result  is  sometimes  found  with  iron  where  bars  of  large  section  finished 
very  hot,  when  nicked  with  a  chisel  and  bent,  break  with  crystalline 
fracture,  the  fracture  being  fibrous  if  the  same  bars  are  reduced  to 
smaller  section,  or  if  annealed.  This  has  been  repeatedly  demonstrated, 
but  it  is  not  definitely  known  whether  the  condition  described  may 
not  be  due  to  a  peculiarity  of  certain  metals,  rather  than  a  property  of 
all  forms  of  malleable  iron,  or  that  the  effect  may  be  due  to  prolonged 
heating,  as  some  experiments  described  hereafter  at  least  imply  a 
doubt  on  the  subject.  Whatever  the  cause,  the  final  condition  of  ten- 
sion bars  of  unusually  large  section  should  be  a  matter  of  solicitude  to 
the  inspector,  and  it  is  probable  that  such  bars,  whether  of  steel  or  iron, 
are  benefited  by  final  annealing. 

The  material  should  be  delivered  from  the  rolls,  so  as  to  require  the 
least  amount  of  cold  straightening.  When  cold  straightening  is  neces- 
sary, it  should  be  done  by  rolling  process  rather  than  by  the  bending 
press.  No  injury  has  been  found  to  result  from  roller  straightening, 
and  it  is  quite  probable  that  its  effect  on  the  material  is  in  a  minor 
degree  very  similar  to  the  well-known  process  of  cold  rolling. 

Testing. — The  testing  of  material  may  be  either  for  the  purpose  of 
ascertaining  its  quality,  or  the  physical  effects  produced  by  treatment 
subsequent  to  rolling.     It  is  desirable  always  to  select  material  in  the 
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coadition  in  wliicli  it  enters  the  structure,  and  to  avoid  the  destruction 
of  a  considerable  quantity  of  material  it  is  the  usual  custom  to  cut 
selected  specimens  that  will,  as  fairly  as  practicable,  represent  material 
under  inspection.  A  specimen  from  each  melt  may  fairly  represent  the 
material  in  all  the  ingots  cast  from  that  heat,  but  a  specimen  from  each 
charge  of  a  reheating  furnace  would  furnish  little  indication  of  the 
effects  of  reheating  on  the  whole  charge.  To  obtain  this  result  it  is 
evident  that  a  specimen  from  each  separately  heated  bloom  would  be 
necessary.  It  is  evident  that  this  is  a  matter  that  depends  on  the 
critical  inspection  desired  by  the  purchaser,  and  will  be  a  subject  of 
mutual  agreement  between  him  and  the  manufacturer.  Considerable 
confidence  must  be  placed  on  the  skill  and  honesty  of  manufacturers 
and  workmen  of  established  reputation. 

Tension  tests  by  the  well-known  process  afford  satisfactory  evidence 
of  the  tensile  strength  and  ductility  of  material.  Drifting  and  bending 
tests  are  a  ready  and  efficient  means  of  testing  ductility,  that  appeal  to 
the  eye  and  judgment,  but  as  ordinarily  practiced  do  not  yield  a  result 
capable  of  being  precisely  recorded.  Quenching  heated  specimens  in 
water  and  bending,  give  evidence  of  the  existing  extent  of  hardening 
property,  and  the  drop  gives  the  crucial  test  of  ability  to  resist  shock 
and  violence. 

The  various  methods  of  testing  material  are  so  well  understood,  and 
so  extensively  practiced,  that  no  radical  innovation  on  current  practice 
can  be  suggested.  But  if  rapid  testing  of  every  piece  separately  rolled 
is  desired,  it  may  be  suggested  that  a  cropping  from  each  piece  could 
be  mechanically  punched  and  drifted,  so  that  the  resistance  to  drifting 
could  be  accurately  recorded  and  interj)reted  into  a  reasonable  measure 
of  tensile  strength,  while  the  amount  of  dilation,  previous  to  fracture, 
affords  an  approximate  estimate  of  ductility. 

The  table  on  the  next  page  gives  the  general  physical  properties  of 
steel  between  extremes  of  60  000  and  70  000  lbs.  tensile  strength.  They 
are  the  combined  averages  of  a  series  of  current  tests  of  material  of 
approved  quality,  and  embrace  results  of  about  100  consecutive  tests. 

Shop  Treatment. — It  has  heretofore  been  the  usual  custom  to  use  the 
punch  and  shears  for  the  preparation  of  structural  iron.  As  steel  became 
extensively  used  an  impression  gained  that  similar  treatment  was  espec- 
ially injurious  to  this  metal,  and  as  long  as  the  raw  material  was  of 
greater  pecuniary  value  than  iron  there  existed  considerable  disinclina- 


]  60        CHKISTIE  ON  METALS  FOB  STRUCTURAL  PURPOSES. 

EoiiliED  Steeij. 


Tensile  strength  in  pounds  per 
square  inch. 

Elong.  per  cent. 

Red.  of  Area 

Ultimate. 

Elastic  Limit. 

In  8  ins. 

Per  Cent. 

Max. 

Min. 

Av. 

Max. 

Min. 

Av. 

Max. 

Min. 

Av, 

60  000 

44  070 

30  530 

38  170 

32 

24 

27.6 

65.3 

47.2 

56.5 

62  000 

43  580 

36  530 

39  010 

32 

25 

27.2 

69.9 

27 

57.8 

64  000 

45  190 

36  530 

39  980 

30.5 

23.7 

26.0 

65.6 

52.16 

65.6 

66  000 

45  020 

37  860 

41  000 

39.75 

25.5 

27.2 

64.3 

47.1 

54.7 

68  000 

45  460 

38  900 

41070 

52.5 

22.5 

27.8 

61  5 

24 

60.7 

70  000 

45  990 

38  960 

43  270 

28.25 

22 

24.9 

59.8 

36.5 

52.1 

72  000 

47  200 

39  440 

44  030 

27 

20.7 

24.8 

58 

31.7 

51.3 

tion  to  use  it  unless  all  cut  edges  were  planed,  and  holes  either  reamed 
after  punching  or  drilled  from  the  solid.  There  is  no  doubt  that  steel 
of  higher  tensile  strength  than  is  now  accepted  for  structural  purposes 
should  not  be  punched  or  sheared,  or  that  the  softer  material  may  con- 
tain elements  prejudicial  to  its  use  however  treated,  but  especially  if 
punched.  But  extensive  evidence  is  now  on  record,  indicating  that 
steel  of  good  quality,  in  bars  of  moderate  thickness,  and  below  or  not 
much  exceeding  80  000  lbs.  tensile  strength,  is  not  any  more,  and  fre- 
quently not  as  much  injured  as  wrought  iron  by  the  process  of  punch- 
ing or  shearing. 

In  addition  to  minor  data  on  the  subject,  published  in  the  technical 
journals,  reference  is  made  to  a  compilation  of  recent  data  by  F.  H. 
Lewis,  C.  E.,  in  the  "Proceedings  of  the  Engineers'  Club  of  Philadel- 
phia," January,  1892.  There  is  also  subjoined  the  results  of  a  series 
of  experiments  made  within  the  past  two  years  under  the  observation 
of  the  writer.  The  latter  were  made  by  skilled  operators  with  the 
sole  intention  of  getting  the  facts  of  the  case. 

General  Effects  of  Shearing  and  Punching. — The  cutting  tool  com- 
presses or  displaces  the  material  immediately  at  the  edges  cut,  slightly 
reducing  the  thickness,  the  amount  of  reduction  being  dependent 
upon  the  thickness  of  the  material  cut.  Ii'on  sheared  in  the  direc- 
tion of  the  fibers  is  usually  much  more  roughened  than  when  cut 
across  the  fibers.  Steel  usually  shows  a  much  smoother  sheared 
edge  than  iron,  but  sometimes  very  minute  cracks  are  observable 
across  the  edge  of  sheared  steel.  It  is  known  that  the  efi'ects  of 
the   disturbance  are  very   superficial,  as  the   removal    of  the  visible 
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roTigliness  by  i^laning  or  reaming  respectively  for  sheared  and  punched 
surfaces  apparently  re-establishes  the  original  condition.  The  phys- 
ical eflfects  of  punching  and 'shearing  as  denoted  by  tensile  test  are 
for  iron  or  steel : 

Reduction  of  ductility. 

Elevation  of  tensile  strength  at  elastic  limit. 

Keduction  of  ultimate  tensile  strength. 

In  very  thin  material  the  superficial  disturbance  described  is  less 
than  in  thick;  in  fact,  a  degree  of  thinness  is  reached  where  this  dis- 
turbance jjractically  ceases.  On  the  contrary,  as  thickness  is  increased, 
the  injury  becomes  more  evident. 

The  effects  described  do  not  invariably  ensue;  for  unknown  reasons, 
there  are  sometimes  marked  deviations  from  what  seems'  to  be  a  gen- 
eral result. 

By  thoroughly  annealing  sheared  or  puncl  ^d  steels  the  ductility 
is  to  a  large  extent  restored,  and  the  exaggerated  elastic  limit  reduced, 
the  change  being  modified  by  the  temperature  of  reheating  and  the 
method  of  cooling.  See  experiments  on  q,nnealing  hereafter.  The 
appearance  of  the  fracture  is  appended  to  some  of  the  records. 

Fractured  sections  of  steel  may  exhibit  either  a  clear  crystalline 
structure,  or  a  dull  semi-fibrous  appearance,  usually  known  as 
"silky,"  and  especially  observed  in  bars  of  uniform  section,  which, 
when  pulled  apart,  stretch  considerably  and  show  considerable  reduc- 
tion of  the  fractured  area,  generally  also  breaking  with  a  raised  and 
depressed  coning  or  a  beveling  of  the  broken  surfaces.  The  character 
of  the  fracture  is  to  some  extent  indicative  of  the  method  of  fract- 
ure, or  of  how  fracture  is  begun,  rather  than  quality  of  material. 
Bars  nicked  and  broken  transversely  show  a  crystalline  fracture,  as 
may  also  punched  bars  of  considerable  thickness  when  pulled  to  rup- 
ture, while  the  same  punched  bars  reamed  may  exhibit  a  silky  fract- 
ure when  pulled.  Illustration  of  this  action  is  given  hereafter.  It 
will  be  observed  that  the  disturbance  of  the  material  by  the  treatment, 
especially  by  shearing,  was  much  greater  in  the  tested  specimens, 
than  would  occur  ordinarily  in  j^ractice,  owing  to  the  extent  of  dis- 
turbed surface  being  large  in  proportion  to  the  limited  dimensions  of 
the  specimen.  The  effects  of  treatment,  as  denoted  in  the  experiments, 
are  therefore  an  exaggerated  record  of  what  ordinarily  occurs  in 
joractice. 
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Terms  are  abbreviated  as  follows: 

Ultimate  tenacity  in  pounds    per  square    inch   of 
original  section T.  S. 

Tensile  strength    at    elastic   limit  in   pounds   per 

square  inch  of  section E.  L. 

Stretch  per  cent,  in  8  ins.  of  the  fractured   specimen   St. 
Beduction  per  cent,  of  fractured  area Red. 

The  elastic  limit  was  recorded  at  the  point  when  the  scale  beam 
dropped,  sometimes  given  as  the  yield  point.  Stretch  measured  in 
a  length  of  8  ins. ,  excepting  perforated  specimens,,  when  it  is  measured 
in  2  ins.,  unless  otherwise  stated. 

A  series  of  42  tests  was  made  on  steel  plates  6  ins.  wide,  i,  j\  and 
i  in.  thick,  with  holes  lej  \a  and  if  in.  diameter  pierced  across  the 
Twidth  as  denoted  below. 

FIG. I. 


HOLES         J 
7.  INS.  --©  - 
APART         ; 


(0 

I 
I 

.■*_ 


=^$^ 

HOLES- -(S.- 

l'/2.tNS.       . 
APART"  V-- 


One-half  the  lot  was  pierced  with  three  holes,  the  other  half  with 
four  holes. 

Tensile  tests  with  open  holes  as  follows,  being  a  combined  average 
for  the  series. 

TABLE  No.  1. 


Treatment. 


As  rolled 

Punched 

Punched  and  annealed 
Drilled 


T.  8. 


62  100 
66  400 

66  500 

67  000 


E.  li. 


39  800 

50  300 
42  450 

51  370 


St.  Per  Cent. 


28.6  in  8  ins. 
11.6  in  2    " 
15.2  in  2    " 
15.1  in  2    " 


The  abrupt  reduction  of  sectional  area  on  the  line  of  the  holes  ac- 
counts for  the  elevation  of  tensile  strength  per  unit  of  net  section 
above  that  of  the  original  bars. 
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TABLE  No.  2. 
Ibon  Plates  Tested  with  Open  Holes. 

FIG. 2. 

Original  strength  of  the  plate, 

an  average  of  one  test  of  each 
thickness. 

T.  S.  E.  L.  St.  Ked. 

V<^*-ONE  OF  EACH  TESTED  53  000  32  800  18.2  .28 

f6'i 


L21t 


Per  square  inch. 

a 

Holes. 

No.  of  Tests. 

Total  Load. 

St.  per  cent. 

■s 

in  8  ins. 

Max.  Load. 

E.  Limit. 

K 

Punched  \%' 

3 

82  016 

32  373 

29  050 

4.1 

k\ 

Punched  j| 
Reamed   p 

3 

97  800 

38  720 

28  070 

6.2 

KJ 

Punched  %' 
Beamed    gj' 

3 

95  766 

37  850 

28  550 

5.1 

Vs 

Punched  ?| 

3 

101  183 

31490 

27  800 

4.46 

re\ 

Punched  |J' 
Beamed    gj' 

3 

121  233 

37  890 

26  483 

7.43 

%{ 

Punched  %' 
Beamed   §J 

3 

123  183 

38  600 

27  680 

6.8 

}i 

Punched  j|' 

3 

121  266 

31746 

27  963 

4.76 

k\ 

Punched  ^^ 
Bi-amed    gj 

3 

142  166 

36  950 

27  436 

5.86 

x\ 

Punched  y^ 
Beamed  §J 

3 

114  833 

37  816 

26  286 

6.9 

TABLE  No.  3. 
Steel  PiiAtes  Tested  with  Open  Holes.     One  of  Each  Tested. 
Dimensions  and  Arrangement  of  Holes  the  same  as  in  Fig.  2. 
All  bars  rolled  from  one  billet,  the  average  of  a  test  from  each  thick- 
ness, resulted  as  follows: 

T.  S.  E.  L.  St.  Bed. 

64  300  39  300  28.9  57.3 

Carbon,  .16;  Phos.,  .077;  Mang.,  .51. 


i 

Per  square  inch. 

a 

Holes. 

No.  of  Tests. 

Total  Load. 

St.  per  cent. 

"3 

in  8  ins. 

S 

Max.  Load. 

E.  Limit. 

Vz 

Punched  i|" 

3 

116  283 

47  563 

34  040 

7.46 

«l 

Punched  \\"  1 
Beamed   \^'  \ 

3 

131  850 

54  373 

32  703 

10.53 

y.\ 

Punched  %"  i 
Reamed  \^"  ] 

3 

130  600 

53  063 

32  766 

10.7 

K 

Drilled     ^|' 

3 

134  166 

54  650 

32  373 

11 

h 

Punched  ^g" 

3 

143  266 

46  276 

32  643 

7.3 

y'\ 

Punched  -jl"  \ 
Beamed   \%"] 

3 

170  850 

54  620 

31560 

10.6 

"1 

Punched  %" ) 
Beamed   \^"  ] 

3 

157  800 

50  410 

31  680 

9.9 

% 

Drilled     \%- 

3 

169  933 

64  413 

31620 

11.43 

X 

Punched  ^|" 

3 

161  400 

40  103 

32  700 

4.96 
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TABLE  No.  4. 

A  series  of  12  tests,  made  on  steel  bars  4^  ins.  wide  and  H  i^-  thick, 
in  all  respects  like  Tables  2  and  3,  except  that  the  parallel  rows  of 
holes  were  2i  ins.  apart,  resulted  as  follows: 


T.  S. 

E.  L. 

St.  in  8  ins. 

Red. 

62  800 
40  800 

51900 

37  200 
35  100 

31400 

27.8 
1.7 

12.5 

52 

Punched  %"  I 

Beamed    ^"  } 

In  this  instance  every  punched  bar  broke  with  a  crystalline  fract- 
ure, and  every  reamed  bar  with  a  silky  fracture. 

In  the  three  foregoing  cases,  as  the  holes  in  specimens  were  not  on 
the  same  line  at  right  angles  to  length  of  bar,  the  effective  net  section 
was  taken  as  the  product  of  thickness  and  width  of  bar,  less  the 
diameter  of  one  hole.  But  owing  to  eccentricity  of  strain,  the  speci- 
mens always  broke  by  starting  at  one  edge  and  tearing  across,  which 
accounts  for  the  tensile  strength  of  perforated  bars  being  apparently 
so  much  less  than  the  original. 

TABLE  No.  5. 
Effect  of  Punching,  Punching  and  Beaming  and  Driliing  Steel 

Bars. 

Bars  rolled  3  ins.  wide,  with  holes  perforated  through  middle  of  bar 
and  treated  as  described,  gave  tensile  tests  as  follows  : 


Size  of  bar. 
Inches. 

Treatment. 

T.  S. 

E.  L. 

St. 

Red. 

Fracture. 

As  rolled 

65  900 

41800 

29 

54 

Silky. 

3x^       - 

Punched  1" 

60  800 

46  100 

11 

13 

" 

Punched  %"    1 
Beamed  ^J"      ) 

52  600 

39  600 

12 

32 

" 

DriUed  1" 

66  500 

45  000 

15 

29 

** 

As  rolled 

61900 

36  400 

31 

53 

" 

3x%      ■ 

Punched  1" 

52  300 

51100 

2.3 

5.6 

Crystalline. 

Punched  %"    1 
Beamed  ^|"      ) 

60  200 

46  700 

14 

25 

Silky. 

As  rolled 

60  300 

37  300 

31 

49 

" 

3x%      • 

Punched  1" 

46  300 

44  200 

7.3 

3.7 

Crystalline. 

Punched  Ji"    \ 
Beamed  ||"      ) 

55  000 

45  700 

4 

27 

" 

As  rolled 

63  100 

39  900 

32 

65 

Silky. 

3x%      ■ 

Punched  1" 

51000 

47  200 

2.3 

4 

Crystalline. 

Punched  %"    1 
Reamed  fg"      ) 

65  900 

49  400 

14 

20 

Silky. 

As  rolled 

70  500 

37  900 

26.7 

47 

3Jix  J^ 

DrUled  ii" 

73  000 

39  000 

10 

i  tests   of 
each. 

Punched  iJ"    ) 
Reamed  j|"      j 

73  700 

39  400 

11 
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Tlie  elongations  were  measured  for  solid  bar  in  a  length  of  8  ins., 
for  the  perforated  bars  in  3  ins.  except  the  last  item  of  3i  x  ^  ins.,  in 
■which  elongation  was  measured  in  2  ins.  for  perforated  bars. 

TABLE  No.  6. 

Effect  of  Sheabing  Edges. 

Strips  sheared  lengthwise  from  the  same  bars  of  each  thickness  and 
tested  in  strips  varying  from  Ij  to  3  ins.  wide. 

All  specimens  cut  from  bars  varying  from  6  to  10  ins.  wide. 

Those  with  planed  edges  were  previously  sheared,  re  ^o  i  in.  of  mate- 
rial being  removed  by  the  planing. 


Test 
No. 

Steel    Specimens. 
Thickness. 

Treatment  of  Edges. 

T.  S. 

E.  L. 

St. 

Red. 

w 

il  average  sheared 

64  600 

65  100 

68  800 

69  000 

64  300 
61  600   ) 

Doubtful.  ) 

65  900 
67  000 

45  100 

10.6 

28 

Planed 

41  600    23.2 
43  600    16.1 
43  000    25.7 
41  600    16.5 

37  200    28.4 

43  600    14.4 
40  600    25.8 

61.8 

28.3 

Planed 

57.8 

25. 

Planed I 

47.5 

edges 

27.1 

Planed 

55.7 

A  series  of  strips  Ij  to  3  ins.  wide,  cut  from  iron  bars  8  to  10  ins.  wide 
and  I  to  i  in.  thick,  gave  results  as  follows  as  a  combined  average 
of  a  dozen  tests. 


Test 
No. 

Iron  Specimen. 
Thickness. 

Treatment  of  Edges. 

T.  S. 

E.L. 

St. 

Red. 

K"  to  K"      { 

Sheared 

42  500 
48  900 

33  100 
31700 

5.6 
12.3 

18 

Planed 

24.8 

A  bar  li  in-  thick  of  7-in.  flat  iron,  cut  and  tested  as  follows 


Test 
No, 

Iron  Specimens 
Width.  Thickness 

Treatment  of  Edges. 

T.  S. 

E.  L. 

St. 

Red. 

Practure. 

1.5"  X  H" 

1.6'  X  ir 
2.9"  X  iJ" 

Planed 

47  300  1 

38  300 
38  600 

Doubtful  1 
34  2U0     ) 
30  400 
29  900 

15 

4 
5 

21 

13 
14 

Fibrous. 

" 
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TABLE  No.  7. 

Strips  of  the  given  -widths  in  following  table  were  sheared  from  7-in.  steel 
bars  i  and  i  in.  thick.  A  portion  of  them  had  i  in.  planed  from  each 
edge,  others  were  annealed  by  heating  to  redness  and  burying  in 
dry  sand,  and  some  of  the  planed  pieces,  marked  overheated,  were 
heated  to  a  bright  yellow  heat,  forming  scale,  and  cooled  in  the 
atmosphere.     Tension  tests  resulted  as  follows  : 


Test 
No. 

Steel  Specimens. 
Width     Thick- 
ness in  inches. 

Treatment  of  Edges. 

T.  S. 

E.  L. 

St. 

Bed. 

Fract- 
ure. 

1 

1.9  X  X 
1.6X  }i 
1.5X  }i 

1.5  X  K 
1.9  X  K 

1.6  X  )4 
1.4  X  ^ 
1.3  X  >i 

Planed 

62  200 

62  600 

63  800 
60  700 
57  300 

64  700 
61300 
61300 

42  800 
44  OJO 
44  200 
41100 
37  200 

43  400 
41400 
37  300 

27 
16 
22 
29 
31 
18 
26 
30 

60 
32 
61 
60 
59 
26 
63 
61 

Silky. 

2 

3 
4 

6 

s 

Sheared  and  annealed. . . 
Planed  and  overheated. . 
Planed 

7 
8 

Sheared  and  annealed. . . 
Planed  and  overheated. . 

TABLE  No.  8. 

Bars  from  same  bloom,  rolled  7  ins.   wide,  f ,  J  and  f  in.  thick,  all 

sheared  lengthwise  into  strips  and  pulled  as  follows  : 
Effect  of  shearing  steel  of  80  000  lbs.,  T.  S. ;  Carbon,  .33;  Phos.,  .055. 


Test 

No. 


14 
15 
16 
17 
18 
19 


Specimen. 

Width.  Thickness, 

Inches. 


l>i  X  % 
3      X  % 

1%  X% 
IK  X  >^ 
Hi  X  ^ 

3     X  'A 

1)^  X  >i 

i%x  >i 

i>i  X  ye 

1^2    X    % 

3       X   Ve 

\%X  % 
l.'i  X  K 
lyzX  X 

ly^x  X 
lyzx  X 

lAX  X 


Treatment  of  Edges. 


Planed 

Sheared 

Sheared  and  annealed. 
Planed  and  overheated 

Planed 

Sheared 

Sheared  and  annealed . 
Planed  and  overheated 

Planed 

Sheared 

Sheared  and  annealed.. 
Planed  and  overheated. 

Planed 

Sheared 

Sheared  and  annealed.. 
Planed  and  overheated. 


T.  S. 


79  200 
79  700 
79  600 
83  100 
82  000 

78  500 

79  400 

77  700 

80  800 

80  900 

78  600 

81  100 

79  600 

82  300 

80  800 
82  200 

82  600 

83  100 
82  600 


E.  L. 


45  800 
44  500 
43  000 
50  900 

46  91  lO 
39  600 
43  400 
38  800 

46  900 

43  400 
41  800 

47  200 

44  400 

47  400 
49  700 
43  500 

45  100 
43  100 
43  300 


St. 


22 
9 

19,14 
22 

26 

11 

14 

20 
22 
21 
14 


Bed. 


51^ 

23 

2534 

31  ■4 

49  ?4' 

62 

15 

21 

27 

35 

45 

14 

19 

37 
53 
50 
20 
33 
50 


Silky. 


Half  crys- 
talline. 
One-lourth 

crystalline^ 

Si.ky. 


It  is  not  known  definitely  known  if  the  last  specimens  J  in.  thick 
were  from  the  same  bloom  as  all  the  others. 

The  planed  specimens  had  i  in.  planed  from  each  edge  after 
shearing. 

The  annealing  for  all  specimens  was  done  by  heating  to  redness  in 
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a  gas  furnace  and  burying  in  dry  sand  until  cool.  The  process  seems 
to  have  been  a  hardening  one  for  this  grade  of  steel,  either  due  to  the 
method  of  cooling,  or  possibly  the  annealing  temperature  may  have 
been  higher  than  that  at  which  the  bars  were  originally  finished.  The 
same  effect  is  observed  in  high  carbon  steels,  unless  the  piece  to  be 
annealed  is  carefully  protected  from  rapid  cooling,  or  unless  it  is 
quenched  at  a  certain  critical  stage  of  the  cooling,  or  as  usually  termed 
water-annealed.  The  specimens,  marked,  planed  and  overheated,  were 
raised  to  an  ordinary  working  temperature  or  yellow  heat,  forming 
scale,  and  cooled  in  the  atmosphere  without  further  work.  Con- 
trary to  anticipation,  the  action  seemed  to  be  rather  beneficial  than 
otherwise.  This  grade  of  steel,  at  least  if  low  in  phosphorus,  shears 
and  punches  neatly,  leaving  a  smoother  surface  than  ordinary  iron. 


TABLE  No.  9. 

Effects  of  drifting  holes  in  bars  of  a  uniform  width  of  3  ins. ,  having 
both  edges  sheared  parallel  with  length  of  bar.  The  punched 
holes  were  perforated  -with  a  f-in.  punch  and  tb-Ih-  die,  a  drilled 
and  a  punched  hole  being  cut  through  each  bar,  and  drifted  until 
fracture  was  visible  : 


Dimenaions. 


Steel  3  I  V' 1  ■o 

Steel  3xi" § 

Steel  3xJ' [Z 

Steel  3  X  {I" I  -a 

Iron  3  X  f " 5 


Hole. 

Final  diameter 
of  hole. 

(Punched  f" 

li" 

t  Drilled      j" 

IR' 

( Punched  |" 

if' 

1  Drilled      f 

liV 

(Punched  |' 

If 

)  Drilled      f 

lii" 

i  Punched  J '  

ItV 

(DriUed     f 

If 

(Punched  j" 

iDriUed      J" 

iiV 

IxV 

Fracture. 


At  edge  of  hole. 

At  edge  of  bar. 
At  edge  of  hole. 
At  edge  of  bar. 


The  foregoing  steel  was  cut  from  the  same  bars  tested  for  tensile 
strength  on  Tables  Nos.  6  and  8  ;  they  can  be  compared  by  observing 
the  respective  thicknesses. 

Experiments  on  Riveted  Joints. — As  the  operation  of  riveting  perma- 
nently clamps  the  plates  together,  creating  a  resistance  to  fracture  of 
the  plate  independent  of  the  force  transmitted  through  the  body  of 
the  rivet ;  therefore,  riveted  joints  can  only  be  properly  compared  with 
each  other,  and  not  with  tests  of  plates  with  open  holes. 

The  riveted  joints  hereafter  described  were  formed  by  lapping  the 
ends   of   two  plates,   and  fastening  them  with  three  and  five  rivets 
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respectively,  as  described.  The  object  in  making  this  imperfect  joint 
was  to  obtain  the  distortion  of  the  j^lates  due  to  bending,  when  pulled 
in  the  testing  machine,  and  thus  better  develop  the  general  resisting 
qualities  of  the  treated  plates.  As  the  holes  were  quite  close  together, 
it  can  be  seen  that  the  differences  noted  between  punched  and  reamed 
joints  are  an  exaggeration  of  what  would  occur  in  ordinary  riveted 
work,  or  joints  severed  by  direct  tension. 

TABLE  No.  10. 
FIG.  3. 
, <i> — I 

'  <:>  '  ' 

•3/»6'H0l.ES   FOR  3/<»-  RIVETS. 
IS/16"       "  "^     "Ve*         "  ' 


._  ^. 

1   _, 

--<B-f 

!  'ri 

1   ' 

•«--..*-. 

■  -A—; 

44- 

6  X  J" 
Steel 


6  X   y\' 

Steel 


6  X  I" 
Steel 


6  X  i" 
Iron 


6X  I" 
Iron 


6  X  5" 
Iron 


Punched  {I" . . 
Reamed  {I" . .. 
Piinched^s"  . . 
Reamed  Jg"... 

Punched  |g". . 
Punched  |".. . 
Reamed  i|". . . 

Punched  \l" .. 
Punched  \^" . . 
Reamed  ^g". .. 

Punched 

Punched  and 

reamed  -^g"  . 

Reamed  J". ... 

Drilled 

Punched 

Puuched  and 

reamed  ^5"  . 

Reamed  J"..., 

Drilled 

Punched 

Punched  and 

reamed  ^j"  . 

Reamed  i" .... 

DriUed 


RlTets. 


3_r 
3-r 

3  -  H- 


Max.  Load. 


57  200 
56  600 
59  700 
56  700 

73  300 
86  400 

78  900 
88  100 

71  800 

90  000 

92  000 
94  900 

75  000 

88  600 

88  700 
94  300 


.S.2 

«   P 


67  100 
61  000 

78  700 

68  700 

69  100 

79  100 

73  900 

80  100 

46  300 

56  400 

.57  700 
59  600 

39  000 

44  000 

44  ino 
46  700 


74  000  30  700 

96  000 'as  800 

94  100' 38  900 
94  800139  100 


Tests  of 
Boiled  Bars 

before 
Punching. 


Plate  broke 

T.  S.  =  62  900 
E.  L.  =  41  600 
St.   =  31 
Red.  =  68 

T.  8.  =69  800 

E.  L.  =  42  100 

St.   =34 

Bed.  =  61 

T.  S.  =  54  300 

E.  L.  =  34  800 

St.   =  17 
Red.  =  2T 

T.  S.  =  62  100 

E.  L.  =  31  300 

St.   =  17 
Red.  =  30 

T.  S.  =  52  800 

Eivets 

fheared. 

E.  L  =32  100 

St.   =  20 
Bed.  =  28 
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TABLE  No.   11. 

FIG.  4. 

—     0     ■<^— I 


•S/16'  Ht^LES.'  ■'/fe*  R I V  ETS . 


6  X  V' 
Steel 


6  X  I" 
Steel 


Treatment. 


'Punched 

Punched  and) 

reamed  -^g" .  ) 

Reamed  J"...   . 

Drilled 


6Xf'     ' 
Steel     1 


Punched  

Punched  and ) 

reamed  -^g" .  j 

Reamed  ^' .... 

Drilled 


Punched 

Punched  and 
reamed  ^g" . 

Reamed  J" 

Drilled 


Rivets. 


113  600 

125  100 

126  200 
119  400 

105  400 

151  400 

150  600 
148  700 

89  800 

152  000 

154  700 
156  400 


3  " 


74  000 

79  300 

80  030 

75  600 

59  900 

76  400 

76  100 
75  200 

38  800 

64  000 

65  100 
65  600 


Fracture. 


Plate  broke. .. 


Rivets 


sheared. 


Plate  broke  . . . , 
Rivets  sheared. 


Tests  of 

Rolled  Bars 

before 

Punching. 


T,  S.  =  64  800 
E.  L.  =  39  800 


St. 
Red. 


30 

:62 


T  S.  =  63  800 

E.  L.  =  38  900 

St.      =  28 
Red.  =  56 

T,  S.  =  64  400 

E.  L.  =  39  200 

St.      =  28 
Red.   =54 


In  the  Tables  Nos.  10  and  11  of  riveted  joints,  some  seeming  incon- 
sistencies may  be  observed  between  tlie  quantities  given  for  total  break- 
ing strains  and  tbe  strains  per  unit  of  net  section.  This  arises  from 
the  fact  that  actual  thickness  and  diameter  of  holes  were  properly  used 
in  estimating  sections,  whereas  the  corresponding  dimensions  given  in 
the  table  are  only  nominal.  Several  experiments  have  also  been  made 
on  specimens,  both  with  open  and  closed  holes,  and  submitted  to  trans- 
verse stress.     The  tests  recorded  herewith  are  typical  of  the  series. 
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Six  JL  sections  composed  of  medium  grade  steel  plates  and  angles 
were  riveted  together  as  follows : 

FIG.  5. 


■-ij-)'     'r. 

O        O       O      O 

',.'-. 6--- ■>; 

Angles  3  X  3  X  }  ins. ,  plates  6  x  J  ins. 
Three  specimens  perforated  8  ins.  pitch. 
Three  "  "  6    "         " 

all  rivets  |  in.  diameter. 
It  can  be  seen  that  the  specimens  were  unduly  weakened  by  the  size 
and  position  of  holes.     These  specimens  were  supported  32  ins.  apart 
and  pressure  a^Dplied  in  middle,  in  the  position  shown  in  cut.  The  load 
was  increased  until  fracture  began. 

TABLE  No.  12. 


Average  of  Specimens 
with — 


Final 
Pressure. 


Final 
Deflection. 


Holes  punched  J|". 

Holes    punched   J" 

and  reamed  }g" 

Holes  drilled  \l"... 


57  600  lbs. 
66  700  •' 
68  600     " 


5.78  ins. 
6.03   " 
6.40   " 


Edge  of  plate  and  angle  cracked. 
Cracked  at  hole  at  upper  edge  of  angle. 


Tests  of  riveted  joints  have  been  made  by  subjecting  specimens  to 
rapid  impact,  siipposed  to  produce  strains  above  the  elastic  limit;  but 
such  tests  are  necessarily  tedious,  and  no  result  worth  describing  has 
been  attained.  It  is  not  necessary  to  summarize  the  results  of  the  pre- 
vious exjieriments  on  sheared  edges  or  specimens  with  open  holes,  aa 
shearing  to  the  extent  described  is  neither  usual  nor  necessary,  and  the 
effects  of  punching  should  be  considered  on  the  riveted  structure,  or 
in  the  condition  in  which  the  material  is  put  in  service.  In  the  riveted 
joints  it  will  be  observed  that  there  is  little  difference  resulting  from 
the  manner  of  perforation,  when  the  plates  are  thin,  the  inferiority  of 
punched  as  compared  to  reamed  work  becoming  more  marked  as  the 
plates  become  thicker.  This  is  due  partly  to  the  least  injury  being 
done  to  the  thin  plates,  and  partly  to  the  clamping  action  of  the  rivet 
heads  hereafter  described,  a  force  which  necessarily  bears  a  greater 
ratio  to  the  strength  of  a  joint  composed  of  thin  plates  than  to  one  of 
thicker  material. 
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For  the  thinnest  plates  there  is  no  diminution  in  the  strength  of  the 
punched  as  compared  to  the  reamed  joint;  in  fact,  in  summing  up  the 
average  result,  the  advantage  rests  with  the  punched  joints. 

It  may  be  observed  here,  that  this  is  not  found  with  imperfect  or 
loosely  driven  rivets.  In  the  ^-in.  iron  plates,  the  punched  joints  with- 
stood 20^  less  strain  than  the  average  of  reamed  and  drilled,  while  the 
i-in.  punched  steel  only  fell  about  6%  below  the  punched  and  drilled. 
In  the  case  of  steel,  however,  the  joint  was  made  with  a  double  row  of 
rivets,  whereas  the  iron  was  a  single  row,  and  the  former  resisted  dis- 
tortion from  bending  better  than  the  latter  case. 

The  |-in.  punched  iron  joints  fell  l'd%  below  the  reamed  and  drilled, 
and  the  -f-in.  punched  steel  plates  dropjjed  20^q  below  the  reamed 
and  drilled.  Tor  the  i-in.  plates  of  both  materials,  no  comparison  can 
be  made,  as  the  rivets  sheared  in  every  case  for  reamed  and  drilled 
holes;  but  drilled  steel  plates  exceeded  the  punched  steel  plates  70^ 
without  developing  the  full  resistance  of  the  plate.  It  is  jirobable  that 
for  steel  plates  of  good  quality,  and  below  80  000  lbs.  tensile  strength, 
there  is  no  material  gain  by  drilling  or  reaming  over  punching 
rivet  holes  in  plates  f  in.  thick  and  less  provided  that  rivets  are 
solidly  driven,  or  even  in  plates  h  in.  thick  if  holes  are  not  unusually 
close,  and  are  not  too  near  the  edges.  Above  this  thickness,  there  can 
be  no  doubt  of  the  advantage  of  reaming  punched  holes.  The  sim- 
plicity, economy  and  rapidity  of  the  punching  process  as  compared  to 
drilling,  naturally  commends  it  to  both  the  manufacturer  and  the  pur- 
chaser of  structural  material.  With  given  manufacturing  facilities  as 
represented  in  shop  area  and  capital  invested  in  appliances,  at  least 
10  times  greater  quantity  of  material  can  be  prepared  by  punching 
than  by  drilling  in  the  same  time,  and  further  imjjrovements  that  may 
expedite  production  are  as  evident  in  the  former  as  in  the  latter  i)ro- 
cess.  Estimates  based  on  the  expenditure  of  labor,  and  assuming  that 
the  cost  of  raw  material  was  threefold,  that  of  the  further  treatment 
of  ordinary  heavy  girder  work  with  punched  holes,  show  apijroximately 
the  following  relations  between  costs  of  structural  material,  as  differ- 
ently prepared. 


Material  ready  for  ship- 
ment. 

Relative  cost  of  shop 
work. 

Cost  of  material. 

Total  relative  cost  of 
work. 

Punched  work 

1 

I' 

3 
3 
3 

i 

Reamed  work 

Drilled  work 
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This  estimate,  however,  is  not  complete,  insomuch  as  it  does  not 
consider  the  enlarged  production  from  a  given  investment  in  plant  for 
punching  instead  of  drilling  rivet  holes.  There  is  no  evidence  that 
material  -with  drilled  holes  is  superior  to  that  with  punched  holes 
properly  reamed,  unless  material  is  of  excessive  thickness,  say,  over 
I  in.,  or  unless  holes  are  excessively  close  together;  and  it  is  some- 
times urged  that  there  is  no  evidence  of  any  physical  inferiority  of 
punched  work  as  compared  to  reamed  work,  so  long  as  strains  are  below 
the  elastic  limit,  or  until  permanent  deformation  has  begun;  therefore, 
some  engineers,  rather  than  pay  an  increase  of  10%"  for  reamed  work, 
prefer  to  put  10)^  increased  material  in  punched  work. 

It  is  probable  that  the  best  results  combined  with  least  expenditure 
can  be  obtained  by  punching  all  holes  where  vital  strains  are  not  trans- 
ferred by  the  rivets;  and  by  reaming  for  important  joints  where  strains 
on  riveted  joints  are  vital,  or  wherever  perforation  may  reduce  sections 
to  a  minimum,  such  as  the  suspension  joints  of  floor  girders,  the  inter- 
sections of  web  members  with  flanges  in  latticed  girders,  etc.,  and  all 
holes  that  have  to  be  riveted  during  erection  of  work.  The  reaming 
should  be  sufficient  to  thoroughly  remove  the  material  disturbed  by 
punching;  to  accomplish  this,  it  is  best  to  enlarge  punched  holes  at 
least  ^-in.  diameter  with  the  reamer. 

Riveting. — It  is  the  current  practice  to  perforate  holes  nj-  in.  larger 
than  the  rivet  diameter.  For  work  to  be  reamed,  it  is  also  a  usual 
requirement  to  punch  the  holes  from  \  to  -i^^  in.  less  than  the  finished 
diameter,  the  holes  being  reamed  to  the  proper  size  in  unity,  after  the 
various  parts  are  assembled. 

It  is  also  excellent  practice,  not  generally  insisted  upon,  to  remove 
the  sharp  corner  at  both  ends  of  the  reamed  holes,  so  that  a  fillet  will  be 
formed  at  the  junction  of  the  body  and  head  of  the  finished  rivets.  "Where 
holes  are  punched  to  full  diameter,  it  is  desirable  that  the  mating  holes 
in  assembled  parts  should  coincide  so  accurately  that  the  rivets  wUl 
enter  freely  without  any  forcing  or  drifting.  In  practice  it  is  difficult 
to  uniformly  obtain  such  accuracy  of  punching;  therefore  some  ream- 
ing is  unavoidable.  Hence,  the  best  practice  for  punched  work  is  to 
punch  all  holes  a  trifle  small  and  ream  all  after  assembling,  the  reamer 
being  sufficiently  in  excess  of  the  punch  diameter  to  partly  at  least, 
smooth  the  surface  of  the  hole.  Beaming  to  this  extent  does  not 
materially  delay  or  increase  the  cost  of  construction,  and  when  the 
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plates  are  not  thick,  say  not  exceeding  J  in. ,  it  is  probable  the  results 
for  ordinary  riveted  seams  will  compare  favorably  with  drilled  holes. 

The  rivets  of  either  iron  or  mild  steel  should  be  heated  to  a  bright 
red  or  yellow  heat  and  subjected  to  a  pressure  of  not  less  than  50  tons 
per  square,  inch  of  sectional  area. 

For  rivets  of  ordinary  length,  this  pressure  has  been  found  suffi- 
cient to  completely  fill  the  hole.  If,  however,  the  holes  and  the  rivets 
are  excej)tionally  long,  a  greater  pressure  and  a  slower  movement  of 
the  closing  tool  than  is  used  for  shorter  rivets  has  been  found  advan- 
tageous in  comijelling  the  more  sluggish  flow  of  the  metal  throughout 
the  longer  hole.  The  upsetting  action  occurs  first  at  the  end  of  the 
rivet  where  the  final  head  is  being  formed,  the  metal  finally  upsetting 
under  the  previously  formed  head  of  the  rivet;  consequently,  any  loose- 
ness of  the  rivets  is  more  apt  to  occur  at  the  end  next  the  original 
head.  To  obviate  this,  it  has  been  proposed  to  use  straight  rivet  blanks, 
and  form  the  heads  simultaneously  at  both  ends.  It  has  been  proved 
advantageous  to  make  the  rivet  head  elongated  and  containing  an  excess 
of  metal,  forcing  this  excess  into  the  body  of  the  rivet  when  closing. 

Machines  for  closing  rivets  should  not  have  a  movement  that  termi- 
nates when  the  rivet  is  supposed  to  be  completed,  but  should  be  capable 
of  following  the  compressed  material  to  finality.  A  class  of  machines, 
however,  are  in  common  use,  in  which  the  elasticity  of  the  frame 
allows  for  inequalities,  or  variations  in  the  quantity  of  material  in  the 
rivet.  It  is  not  usual  in  modern  practice  on  structural  work  to  use 
the  plate-closing  attachment  on  riveting  machines,  as  in  ordinary  work 
no  advantage  has  been  found  from  its  use;  but  if  the  assembled  plates 
are  exceptionally  thick,  or  numerous,  it  is  probable  that  the  plate- 
closer  does  good  service.  It  would  be  better  in  either  case  to  allow 
the  pressure  to  remain  on  the  rivet  until  it  had  cooled  sufficiently  to 
resist  any  tendency  of  the  joint  to  separate.  Wherever  hand  riveting 
is  unavoidable,  the  rivet  should  be  driven  by  a  heavy  sledge,  operating 
on  the  cupped  tool,  as  by  the  use  of  light  hammers  the  head  may  be 
completed  before  the  body  of  the  rivet  fills  the  hole.  Experiments 
for  resistance  of  a  joint  with  rivets  closed  under  different  pressures 
gave  the  following  result. 

FIG.  6. 


^S'xt-' 


'*>  ;...  9'..;^  1-78*  RIVET  IN  i^/iS-HOLE 
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Three  specimens  of  3  x  1  in.  flats,  secured  by  two  J^-in.  rivets  in  y-f- 
in.  holes,  compressed  with  pressures  of  70  000,  83  000  and  110  000  lbs., 
respectively.  The  pieces  were  then  pulled  in  the  testing  machine  and 
extensions  measured  in  the  9  ins.  between  the  rivets,  as  follows  : 

TABLE  No.   13. 


Tension  applied  in  pounds. 

Extension  in  inches  for  joint  compressed  with — 

70  000  pounds 
pressure. 

83  000  pounds 
pressure. 

110  000  pounds 
pressure. 

35  000 
40  000 
45  000 
50  000 
Final     pressures     and   extensions 

.03 
.19 
.25 
.33 

51  000  —  .36 

.02 

.085 

.18 

.26 

55  000  —  .39 

.025 
.115 

.17 
.22 

56  000—  .32 

The  following  experiment  illustrates  the  clamping  action  of  the 
rivets.  6  x  ^  ins.  iron  plates  were  perforated  with  six  accurately  reamed 
holes,  one-half  of  the  lot  was  riveted  under  machine  pressure,  as 
shown  on  the  left;  the  remainder  had  straight  pins  driven  into  the 
holes,  as  shown  to  the  right.  Pulled  in  testing  machine  until  plates 
ruptured. 

FIG.  7. 


l..,...^ 


TABLE  No.  14. 


Diameter  of 

Fastening. 

Max.  load  in 
pounds. 

Maximum  load  in  pounds  per  square  inch. 

holes. 

Net  section  of 
plate. 

Rivet  section. 

Bearing  area. 

( 

81950 
77  200 
75  800 
67  600 
73  200 
66  500 
72  650 
57  250 

52  000 

49  300 

53  200 
47  440 
57  240 
52  000 
64  350 

50  700 

36  900 
34  770 
24  440 
21  790 
17  700 
16  070 
13  680 
10  760 

64  100 

ie" -] 

Pins 

60  400 

ir 1 

Rivets 

Pins 

60  140 
44  700 

1.;..                     ( 

42  000 

is  1 

Pins 

38150 

'.V 1 

Rivets 

36  760 

Pins 

28  970 
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For  pin-connected  structures,  pin  holes  are  necessarily  bored  and 
abutting  surfaces  faced,  operations  which  are  a  subject  of  good  work- 
manship and  mechanical  manipulation,  which  cannot  be  prejudicial  to 
the  material,  and  not  considered  in  this  paper. 

Forging. — It  is  unnecessary  to  state  that  no  welding  should  be  allowed 
on  any  steel  that  enters  into  structures.  The  masses  of  greatest  cross- 
section  are  used  for  pins.  For  the  smaller  diameters,  say  below  6  inches, 
they  can  be  satisfactorily  rolled  ;  the  larger  sizes,  involving  insufficient 
reduction  in  the  rolls,  from  ingots  of  greatest  practicable  section, 
should  be  forged,  either  under  a  heavy  hammer,  or  preferably  a  press. 
The  most  powerful  blooming  mill  will  not  close  up  a  piped  cavity  in  a 
large  steel  ingot  that  might  disappear  under  a  hammer  or  press  of 
moderate  capacity,  and  as  such  cavities  will  occasionally  be  found 
when  not  suspected,  it  is  a  safe  practice  to  test  excessively  large  pins 
by  boring  a  hole  lengthwise  through  the  center;  it  is  probable  that 
this  expense  would  be  unnecessary  on  press-forged  steel.  Every  jjre- 
eaution  should  be  exercised  to  prevent  the  occurrence  of  such  possible 
defects,  in  the  event  of  wide  tension  bars  of  unusual  thickness  being 
required.  Wherever  practicable,  it  is  desirable  that  the  whole  mass 
to  be  forged  should  be  uniformly  heated  and  no  work  performed  on  it 
after  redness  ceases  to  be  visible,  unless  the  piece  is  to  be  subsequently 
annealed.  Pieces  heated  to  a  high  temperature  should  be  worked  un- 
til sufficiently  low  in  temperature. 

It  is  a  common  belief  that  when  metal  remains  heated  above  a  cer- 
tain temperature,  without  being  comjjressed  by  manipulation,  the  re- 
sulting product  has  an  open  grain  with  inferior  ductility.  Numerous 
experiments  have  been  made,  but  the  demonstration  is  not  very  clear 
that  the  action  is  so  injurious  as  has  been  claimed  ;  that  is,  for  the 
structural  metal  commonly  known  as  mild  or  medium  steel,  and  not 
containing  elements  to  excess  that  might  be  especially  detrimental  to 
ductihty  under  such  circumstances.  See  some  experiments  in  Tables 
Nos.  16  and  17;  also,  Nos.  7  and  8. 

Enlarged  ends  on  tension  bars  for  screw-threads,  eye-bars,  etc. ,  are 
formed  by  upsetting  the  material,  and  it  is  now  abundantly  demon- 
strated that  with  proper  treatment  and  a  sufficient  increment  of  en- 
larged sectional  area  over  the  body  of  the  bar,  the  result  is  entirely 
satisfactory.  The  upsetting  process  should  be  performed  so  that 
the  properly  heated  metal  is  compelled  to   flow  without   folding  or 
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lapping.  If  a  fold  occurs  in  upsetting,  it  may  be  cut  out  and  the  up- 
setting repeated;  but  no  attempt  should  ever  be  made  to  weld  the 
fissure  formed  by  folding,  as,  however  sound  it  may  superficially  ap- 
pear, the  result  would  be  untrustworthy.  The  grii)i)ing  tools  used  in 
upsetting  should  be  so  devised  that  they  will  not  cut  the  surface  nor 
impair  the  section  of  the  gripped  bar. 

Annealing, — The  object  of  annealing  structural  steel  is  for  the  pur- 
pose of  securing  a  homogeneity  of  structure  that  is  supposed  to  be 
impaired  by  unequal  heating,  or  by  the  maniiaulation  necessarily  at- 
tendant on  certain  processes.  The  objects  to  be  annealed  should  be 
heated  throughout  to  a  uniform  temperature  and  uniformly  cooled, 
and  the  process  is  not  necessarily  a  softening  one,  as  is  inferred,  when 
applied  to  high-grade  steel  for  cutting  tools,  etc. 

In  referring  to  the  subject  of  high  temperatures  in  heated  metals  we 
are  compelled,  in  the  absence  of  convenient  pyrometric  devices,  to  use 
somewhat  indefinite  terms  indicated  by  color.  These  terms  have  to  be 
applied  in  the  customary  practical  sense,  allowing  some  latitude  for 
difi'erent  conditions  and  observers.  For  instance,  a  piece  of  metal 
heated  visibly  red  in  a  dark  shop  or  a  gloomy  atmosphere  might 
appear  to  the  same  eye  black  under  a  brilliant  light,  and  vice  versa. 

The  proper  temperature  for,  and  results  of,  thorough  annealing, 
depend  on  several  conditions.  The  temperature  to  which  the  objects 
to  be  annealed  should  be  heated  depends  on  the  existing  amount  of 
molecular  disturbance  that  has  to  be  neutralized.  Thus,  for  material 
partially  heated  and  forged  or  upset,  a  heat,  bright  red,  or  clean  coj^per 
color,  as  viewed  by  ordinary  shop  light,  and  supposed  to  be  about  1  200° 
Fahr. ,  is  found  in  daily  practice  to  produce  the  desired  results.  Tests 
for  commercial  purpose  are  continually  being  made  on  eye-bars, 
annealed  by  heating  to  this  extent  without  evidence  of  a  higher  tem- 
perature being  requisite,  although  it  is  claimed  by  some  that  a  lower 
temperature,  say  1  000*3  Pahr. ,  is  sufficient.  The  temperature  of  1  200° 
Fahr.  is  supposed  to  be  about  that  now  known  as  "  recalescence  " 
(probably  dependent  on  the  grade  of  the  steel),  and  pieces  heated  not 
over  this  extent  retain  their  form  in  the  annealing  furnace  without  the 
necessity  of  extremely  careful  and  uniform  support.  When  the  physi- 
cal change  of  material  is  more  radical  than  aforesaid,  as  superficially 
occurs  in  shearing,  punching,  etc. ,  it  apjjears  to  be  necessary  to  heat 
the  material  to  a  higher  temperature  than  described,  to  entirely  elimi- 
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nate  the  molecular  disturbance.  Compare  tests  Nos.  5,  10,  15  and  19 
with  4,  9,  U  and  18,  Table  No.  8;  also,  tests  4  and  8  with  3  and  7,  Table 
No.  7;  also,  see  Table  No.  17. 

The  physical  effects  of  annealing,  as  indicated  by  tensile  tests,  de- 
pend on  the  grade  of  steel,  or  the  amount  of  hardening  elements 
associated  with  it;  also,  on  the  temperature  to  which  the  steel  is 
raised,  and  the  method  or  rate  of  cooling  the  heated  material.  Refer- 
ence is  made  to  some  tests  of  annealed  material  on  Tables  Nos.  7  and  8, 
as  well  as  those  subjoined. 

The  physical  effects  of  annealing  medium-grade  steel,  as  indicated 
by  tensile  test,  are  reported  very  differently  by  different  observers, 
some  claiming  directly  opposite  results  from  others ;  and  as  the  facts  are 
reported  by  careful  and  imjDartial  engineers,  it  is  evident,  when  all  the 
attendant  conditions  are  considered,  that  the  obtained  results  must 
vary,  both  in  kind  and  degree.  For  the  most  recent  statements  on  the 
subject,  see  those  by  Lewis  and  Dagron,  Vol.  XXVII,  No.  4,  Trans- 
actions Am.  Soc.  C.  E. ,  and  Henning,  Vol.  XIII,  Am.  Soc.  M.  E. 

The  temperatures  employed  will  vary  from  1  000  to  1  500^  Fahr., 
possibly  even  a  wider  range  is  used.  In  some  cases  the  heated  steel  is 
withdrawn  at  full  temperature  from  the  furnace  and  allowed  to  cool  in 
the  atmosphere;  in  others,  the  mass  is  removed  from  the  furnace,  but 
covered  under  a  muffle,  to  lessen  the  free  radiation ;  or  again,  the  charge 
is  retained  in  the  furnace,  and  the  whole  mass  cooled  with  the  furnace, 
and  more  slowly  than  by  either  of  the  other  methods. 

TABLE  No.  15. 
Four  pieces  cut  from  each  of  three  steel  bars  and  pulled  as  follows: 


Test  No 


\ 


Treatment  of  Material. 


r 

Ab  rolled \ 

[ 

Heated    red    and  covered  in    dry 
Sand 


Heated  red  and  cooled   in  atmos- 
phere of  70° 


Heated  red  and  quenched  in  water 
01  70° 


T.  S. 
E.  L 
St... 
Red 
T.  8.. 
E.  L, 
St... 
Red  . 
T.  S.. 
E.  L. 
St... 
Red  . 
T.  S.. 
E.  L. 
St... 
Red  . 


3  X  .'a" 


61900 

36  400 

31 

53 

59  200 

36  300 

32 

55 

62  900 

39  500 

32 

58 

73  400 

46  400 

26 

51 


3X 


60  300 

37  300 

31 

49 

59  400 

37  100 

28 

54 

69  800 

37  700 

31 

48 

75  000 

50  600 

23 

47 


3X 


63  100 

39  900 

32 

55 

61000 

34  800 

30 

4S 

6100O 

33  700 

30 

63 


All  fractures  silky. 
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TABLE  No.  16. 

|-in.  round  Bessemer  steel  bar.     Cut  into  17  pieces  and  tested  as 

follows  : 

Analyses : 

Carbon,  .09      Mang.,  .41      Silicon,  .005      Phos.,  .115      Sulphur,  .082 


* 

Nicked  on  one 
side,  bent  to 

Test 

No. 

Treatment. 

T.  S. 

E.L. 

St. 

Red. 

given  angle 
before  sepa> 
rating. 
Degreea. 

1 

60  240 

40  970 

29 

69 

15 

2 

Heated  red  and  covered  in  a  box  of  pul- 

verized charcoal.  Average  of  two  tests 

59  860 

40  300 

31.5 

66 

12 

3 

Heated  red  and  cooled  in  a  closed  box. . 

59  910 

41140 

30.5 

68.8 

4 

Heated  red  and  covered  in  dry  sand  

6130U 

39  400 

29 

63 

24 

5 

Heated  red  and  cooled  in    atmosphere 

about  60°.    Average  of  two  tests 

61100 

41600 

31 

61 

48 

6 

Heated  red  and  cooled  in  spenu  oil  44° 

Fahr 

65  840 

40  470 

27.5 

54.6 

7 

Heated   red  and  cooled  in  water  of  70° 

73  900 
77  300 

47  200 
47  300 

19 
18 

51 

48 

8 

Heated  yellow  and  cooled  in  eame  water 

17 

9 

Heated  yellow  and  cooled  in  air  of  60° 

fahr.    Averaije  of  two  tests 

62  300 

42400 

29.5 

65 

57 

10 

Yellow  heat  maintained  for  15  minutes 

63  500 

42  700 

24 

65 

30 

11 

Yellow  heat  maintained  for  30  minutes 

62  300 

41100 

25 

61 

64 

12 

Heated  yellow,  forged    down   V^-in.  di- 

ameter, finishing  at  red  heat.    Aver- 

61600 

45  100 

22.6 

68 

The  yellow  temperature  was  a  bright,  scale-forming  heat  as  high  as 
would  be  taken  for  forging.  All  fractures  were  silky,  with  the  char- 
acteristic coning  of  the  broken  ends. 

All  specimens  bent  180°  without  fracture  after  treatment. 
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TABLE  No.  17. 
Anneamkg  Tests  on  Steel  Baes  -with  Sheared  Edges. 

A  4:  X  i  in.  steel  flat  bar  was  cut  into  11  test  strips,  of  which  all  but 
one  had  i  in.  sheared  off  each  edge,  leaving  the  specimens  about 
3x1  ins.  Two  of  the  latter  had  the  edges  planed  and  one  left  with 
sheared  edges  unannealed.  The  rest  were  heated  and  cooled  as 
described. 

Analyses  : 

Carbon,  .34      Mang.,  .70      Silicon,  .082      Phos.,  .065      Sulphur,  .057 


Test 
No. 


Bar  as  rolled '. 

One-eighth  in.  planed  off   the   sheared 
edges 

One-sixteenth  in.  planed  off  the  sheared 
edges 

Sheared  edges  unannealed 

Heated   red  and  cooled  in  quiet  atmos- 
phere of  55°  Fahr 

Heated  red  and  cooled   slowly  in    an- 
nealing box 

Red    heat   retained  for  one-half   hour; 
cooled  in  air  55'  Fahr 

Red  heat  retained  for  one  hour;    cooled 
as  above 

Red    heat    retained   for  two   hours  ;  1 
cooled  as  above J 

Heated  yellow ;  cooled  in  quiet    atmos- 
phere of  55°  Fahr 

Yellow  heat    maintained    for    one-half 
hour;  cooled  as  before 


r  s. 

E.  L. 

St. 

Red. 

79  500 

40  500 

27.0 

48.5 

79  370 

40  100 

25.0 

43.0 

80  130 

40  250 
Record 

26.0 

lost 

44.3 

78  700 

37  910 

19.4 

51.4 

72150 

43  750 

25.3 

36.0 

75  800 

39  560 

20.0 

53.0 

74  600 

41560 

16.5 

51.4 

74180 

38  280 

14.8 

51.1 

78  560 

42  550 

16.3 

49.1 

78100 

42  210 

23.0 

47.4 

S.A. 

S.  H.C. 

S.A. 
S.  H.  C. 


S.A. 

( 47%  crystal. 
( 53%  8.  C. 

S.A. 

S.  C. 


S.  A.  —  Silky-angular.        S.  C.  =  Silky-cupped.        S.  H.-C.  =  Silky-halfcupped. 

No.  6  was  cooled  from  redness  in  a  tight-cased  annealing  box  used 
for  tools,  but  not  covered  under  any  substance;  took  about  four  hours 
to  cool.  Nos.  7  and  8  were  retained  at  red  heat  in  a  closed  muffle. 
Nos.  10  and  11  kept  at  yellow  heat  in  the  flame  of  an  arched  coke  fire. 
Specimens,  as  treated,  all  bent  180°  around  a  li-in.  pin,  without 
cracking,  except  No.  1,  which  opened  slightly  on  outside.  Nicked  and 
bent,  all  showed  fine  close  grain,  particularly  Nos,  5  and  6,  which  were 
almost  silky. 

Specimens  of  steel  cut  from  the  same  bar  exhibit  such  different 
physical  characteristics  after  being  subjected  to  various  temperatures 
or  rates  of  cooling,  that  a  definite  result  cannot  be  expected  from  an- 
nealing a  miscellaneous  lot  of  material. 
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We  may  assume  that  if  steel  was  heated  to  a  higher  temperature 
than  that  at  which  it  left  the  rolls,  or  if  it  was  cooled  more  rapidly 
during  annealing  than  after  rolling,  it  would  then  be  harder  after  the 
former  process  than  after  the  latter;  that  is,  it  would  probably  at  ten- 
sile test  show  higher  tenacity  and  lower  ductility.  Compare  tests  9 
to  11  with  1  to  5  on  Table  No.  16,  and  tests  5,  10,  15  and  19  with  1,  6, 
11  and  16,  Table  No.  8;  also,  tests  10  and  11  with  1  to  3  of  Table  No.  17. 
Or  the  contrary  effects  would  occur,  if  the  temperatures  or  rates  of 
cooling  were  reversed.  Thick  bars  of  large  sectional  area  are  usually 
finished  hotter  than  smaller  bars,  and  are  not  liable  to  be  made  hotter 
during  annealing  ;  they  would  therefore  be  more  liable  to  be  softened 
by  the  annealing  than  smaller  sections.  This  would  be  more  evident 
the  higher  the  percentage  of  carbon  in  the  steel. 

But,  on  the  other  hand,  bars  reduced  to  small  section,  and  finished 
at  a  low  temperature,  usually  yield  a  high  elastic  limit,  as  illustrated 
at  tests  No.  12,  Table  No.  16,  and  this  high  elastic  limit  will  usually  be 
reduced  by  annealing.  So,  in  a  general  sense,  a  reduction  of  tensile 
strength,  and  increased  ductility,  may  be  expected  when  steel  is  very 
slowly  cooled  after  the  annealing  heat,  and  the  contrary  when  it  is 
rapidly  cooled. 

The  best  general  results  from  annealing  will  probably  be  obtained 
by  introducing  the  material  into  a  uniformly  heated  oven  in  which 
the  temperature  is  not  so  high  as  to  cause  a  possibility  of  cracking  by 
sudden  and  unequal  changing  of  temperature;  then  gradually  raising 
the  temperature  of  the  material  until  it  is  uniformly  about  1  200^ 
Fahr.  •  then  withdrawing  the  material  after  the  temperature  is  some-i 
what  reduced  and  cooling  under  shelter  of  a  muffle,  sufficient  to  pre- 
vent too  free  and  unequal  cooling  on  the  one  hand,  or  excessively  slow 
cooling  on  the  other. 

The  foregoing  statements  are  made  with  considerable  reservation, 
as  accurate  knowledge  of  the  subject  has  yet  to  be  obtained. 
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A  PROPOSED  METHOD  OP  TESTING  STRUCTURAL 

STEEL. 


By  Alfred  E.  Hunt,  M.  Am.  Soc.  C.  E. 


Prepared  for  the   laternational   Eu^ineeriug  Congress  of  the 
Columbian  Exposition,  1893. 


The  methods  in  vogue  of  testing  structural  steel,  for  its  quality  as 
•well  as  for  its  adaptability  for  the  purpose  required,  in  commercial 
practice  at  the  present  time  are  briefly  as  follows : 

Fii'st.  — Tensile  tests,  in  which  the  results  compared  in  the  crucial 
examination  are  the  elastic  limit  and  tensile  strength  per  unit  of  area 
as  well  as  the  percentage  of  elongation  in  given  lengths  and  percentage 
of  reduction  of  area. 

Second.  — Bending  tests  of  the  metal,  both  hot  and  cold  and  under 
varying  conditions,  such  as  quenching  after  being  raised  in  temperature 
to  a  red  heat,  etc. 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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Third. — Drifting  tests,  or  the  enlarging  of  holes  punched  or  drilled 
in  the  metal,  by  pressure  or  blows  upon  a  hardened  steel  drift  pin. 

Fourth. — ^Drop  tests,  where  specimens  under  given  conditions  of 
support  are  struck  by  blows  of  a  falling  weight. 

Fifth. — Chemical  analyses,  where  the  amounts  of  the  constituents 
imparting  hardness,  as  well  as  those  supposed  to  injure  the  metal  by 
rendering  it  either  cold  or  hot-short,  are  determined. 

Some  of  the  disadvantages  of  these  methods  of  testing  structural 
steel  are:  that  due  to  the  time  required  and  expense  occasioned,  the 
tensile  and  chemical  and  in  many  instances  the  drop  tests  made  are 
too  few  in  number  to  discover  and  check  a  lack  of  homogeneity  in  the 
metal;  also  considerably  varying  results  can  be  obtained  by  taking 
specimens  from  different  parts  of  the  ingot  or  other  object  to  be  tested, 
and  in  the  case  of  tensile  tests  by  varying  the  method  of  testing  as  to 
the  speed,  amount  of  impact,  or  the  application  of  strains,  or  by  pull- 
ing the  specimens  ont  of  line. 

A  further  serious  disadvantage — not  an  inherent  one,  it  is  true,  but 
still  one  which,  in  the  writer's  opinion,  has  grown  into  a  grave  trouble 
in  the  requirements  of  many  specifications  and  in  the  general  practice 
of  the  interpretation  of  specifications  for  structural  steel  of  to-day — is 
the  narrowing  of  the  allowable  limits  of  the  results  of  the  present  sys- 
tem of  testing  to  an  extent  that  is  unwise  in  choosing  steel  suitable 
for  structural  purposes,  and  which  leads  to  an  excessive  exclusion  of 
material.  This  state  of  affairs  is  not  only  unjust  to  the  mills,  but  un- 
satisfactory to  the  shops  or  constructing  concerns.  Annoying  and 
expensive  delays  are  often  caused  by  rejection  of  material  which  the 
mill  people  had  confidently  reckoned  upon  shipping  at  stipulated 
times  in  accordance  with  their  promises,  on  account  of  its  being  just 
outside  of  the  narrow  limits  of  specifications.  In  many  such  cases  there 
has  been  not  the  least  doubt,  in  the  mind  of  the  inspector,  the  mill  man- 
agement, or  the  contractor  who  was  to  fabricate  the  material  into  fin- 
ished shape,  that  the  rejected  steel  would  have  answered  equally  as  well 
for  the  purpose  for  which  it  had  been  designed  as  much  of  that  which  had 
been  accepted  and  which  had  given  test  results  within  the  specifications. 
This  state  of  affairs  acts,  in  the  long  run,  very  prejudicially  to  the 
interests  of  the  engineer  who  draws  the  specification,  and  sometimes 
actually  to  the  quality  of  the  metal  entering  into  his  structure  ;  for  it 
tends  to  lower  the  ideas  of  the  subordinate  officials  and    "practical 
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men"  at  both  the  mills  and  shops  as  to  the  utility  of  specifica- 
tions and  of  the  necessity  of  honestly  complying  with  them,  as  well  as 
to  an  idea  that  the  engineer,  the  author  of  the  specifications,  does  not 
know  what  material  he  actually  wants.  Added  to  this,  not  only  does 
the  rejected  material  cost  money,  but  the  losses  resulting  from  delays 
caused  by  rejections  are,  in  the  long  run,  figured  into  the  general  cost 
of  doing  work,  and  are  added  to  the  estimates  of  costs  on  which 
bids  for  future  orders  are  based.  Hence  the  specifications  under  which 
many  jobs  of  work  are  let,  such  as  some  general  railroad  specifications, 
often  cause  considerably  higher  prices  to  be  charged  and  paid  for,  as 
a  result  of  the  narrow  limits  of  the  specifications,  as  determined  by 
previous  experience  with  them. 

Again,  bending,  drifting  and  similar  tests  of  ductility  do  not  give 
results,  in  numerical  quantities,  convenient  for  reference,  comparison 
and  record,  or  for  exact  stipulation  of  requirements  in  specifications. 

The  method  of  testing  which  the  writer  proposes  consists  in  punch- 
ing or  otherwise  shearing,  cutting  or  drifting  pieces  of  a  given  thick- 
ness of  metal,  and  comparing  the  "  force  "  required  in  this  work  with 
that  required  to  treat  standard  pieces  in  a  similar  manner.  The  com- 
parison can  be  similarly  made  with  the  "  work  "  done,  or  factors  of  the 
work  exerted  therein  at  diflferent  stages  of  the  punching,  cutting  or 
drifting  operations,  with  results  obtained  in  treating  standard  pieces 
in  a  similar  manner. 

The  term  "work"  is  not  necessarily  used  in  its  strictly  scientific 
definition,  but  is  used  to  denote  the  product  or  results  of  two  or  all  of 
the  following  three  factors,  of  which  one  is  the  force  necessary  to 
punch  a  hole  of  given  size,  cut  a  given  indenture,  or  drift  a  given 
hole  to  enlarge  it  a  given  amount;  the  second  is  the  space  through 
which  the  force  moves  its  point  of  application  during  the  act 
of  punching,  cutting  or  drifting,  and  the  third  is  the  time  during 
which  the  force  acts  in  the  cutting,  punching  or  drifting.  In  the 
practice  of  the  method  also,  a  combination  of  the  first  of  these  factors 
(the  force)  with  the  second  or  third,  is  often  used;  and,  in  fact,  it  is  a 
combination  of  the  force  with  the  space  through  which  the  force  moves 
its  point  of  application  that  the  author  has,  so  far  as  his  experience 
has  gone,  proven  to  be  the  best  and  most  accurate  way  of  using  it. 

The  most  convenient  way  to  measure  these  factors  of  the  '•  work  " 
done,  the  writer  has  found  to  be  by  graphical  representations  upon 
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plotting  paper,  where  the  ordinates  represent  the  force  in  pounds  and 
the  abscissae  represent  the  increments  of  space  through  which  the 
force  moves  its  point  of  application  in  punching,  cutting  or  drifting ; 
or  by  graphical  cards  in  which  the  ordinates  represent  the  force  in 
pounds  and  the  abscissae  the  increments  of  time  during  which  the 
force  is  acting.  Of  course,  in  both  of  these  species  of  curves,  the  in- 
dications of  the  abscissae  and  ordinates  may  be  reversed,  so  that  the 
abscissae  will  indicate  the  force  in  pounds  and  the  other  factor  of  the 
work  shall  be  indicated  by  the  ordinates. 

In  order  to  produce  these  graphical  curves,  a  mechanism  is  em- 
ployed in  which  a  sheet  of  ordinary  section  paper  is  placed  upon  a 
movable  tablet  or  cylinder  actuated  by  clockwork  or  other  means  of 
imparting  a  regular  motion  thereto,  in  the  case  of  time  being  a  factor 
of  the  work  measured  ;  or  by  some  connection  with  the  tool  or  some 
part  of  the  mechanism  which  moves  with  the  tool,  in  the  case  of 
the  space  through  which  the  force  acts  being  the  other  factor  of  the 
work  employed.  The  pencil  or  stylus  draws  the  curve,  and  bears  upon 
the  paper  which  is  actuated  either  by  a  spring  gauge  or  a  measuring 
device  constructed  to  connect  wdth  the  punching,  cutting  or  drifting 
mechanism,  so  that  the  pencil  or  stylus  is  moved  in  a  direction  trans- 
verse to  the  motion  of  the  jsaper  and  a  distance  proj^ortional  to  the 
pressure  exerted  in  acting  on  the  metal.  Such  methods  of  recording 
are  familiar  to  engineers  and  need  no  further  description. 

In  punching,  cutting  or  drifting  by  this  method  of  testing,  speci- 
mens of  hard  steel,  i.  e.,  steel  deficient  in  ductility,  will  yield  very  slight 
indications  of  being  acted  upon  by  the  working  tool,  up  to  a  much 
higher  pressure  than  that  required  for  such  indication  in  treating  speci- 
mens of  softer  or  more  ductile  steel. 

If  curves  be  plotted  or  drawn  in  which,  as  above  described,  the 
ordinates  indicate  the  force  applied  and  the  abscissae  the  amount  of 
cutting  or  the  time  of  operation  of  the  tool,  the  tool  will  be  seen  to 
have  produced  much  less  identation  in  the  metal  under  the  lower  loads 
with  hard  than  Avith  soft  steel,  and,  in  the  case  of  the  hard  metal,  the 
curve  will  much  more  closely  approximate  the  perpendicular  or  ordin- 
ate than  with  the  soft  metal. 

Where  the  mechanism  is  so  arranged  as  to  plot  a  closed  diagram,  with 
the  ordinates  indicating  the  force  applied  and  the  abscissae  indicating 
the  space  through  which  the  force  is  applied  or  the  time  during  which 
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f 


it  acts,  tlie  upright  lines  of  such  diagrams  in  the  case  of  the  less  duc- 
tile steel  will  be  much  more  nearly  perpendicular  and  ijarallel  to  each 
other  than  in  diagrams  obtained  in  testing  softer  specimens;  they  will 
also  be  higher  because  of  the  greater  force  required  to  act  thus  upon, 
the  metal.  In  a  general  way,  also,  the  areas  enclosed  by  the  curves  of 
such  hard  pieces  of  steel  will  be  less  than  with  soft  specimens. 
/ 


The  reason  for  this  is,  that  with  softer  and  more  ductile  steel  the 
indenting  work  of  the  tool  is  more  uniform,  beginning  with  the  exertion 
of  a  lower  force,  and  increasing  gradually  as  the  force  applied  increases; 
but  with  harder  and  less  ductile  steel,  comparatively  little  action  is  pro- 
duced by  the  tool  until  the  pressure  reaches  a  high  point,  when,  with 
much  greater  abruptness,  the  punching  or  cutting  tool  pierces  the  metal. 

By  reference  to  Fig.  1,  an  apparatus  is  shown  for  the  general  pur- 
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pose  of  carrying  on  this  method  of  testing.  The  apparatus  consists  of 
an  hydraulic  punch,  having  a  main  frame,  marked  "  2  ";  a  die  or  anvil 
for  the  punch,  marked  "3,"  on  which  the  specimen  to  be  punched  ia 
placed;  the  punch,  marked  "4,"  which  is  at  the  end  of  the  hydraulic 
piston,  marked  "9";  the  valves  of  which  are  marked  "  10  ";  the  lever 
actuatingthe  punch  is  marked  "11 ";  the  mercury  gauge  is  shown  only 
in  quarter  outline,  and  is  marked  "1."     The  connection  with  the  indi- 
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cator  of  the  apparatus  as  used,  preferably  when  steam  is  used  in  the 
punching  cylinder,  is  evident  by  inspection  of  the  drawing.  The 
drum  upon  which  the  pencil  works  is  marked  "  19." 
'..J  rigs.  2  and  3  show  copies  of  forms  of  curves  upon  specimens  of 
i^in.  thick  steel,  with  the  exception  of  sample  "  C,"  which  was  -t%  in. 
thick;  the  test  curves,  marked  ''A"  "  B"  and  "  C,"  are  of  soft  steel; 
"  D,"  "F"  and  "  /"  are  harder  grades  of  steel;  "  C  "  is  of  the  softest 
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basic  steel,  about  46  000  lbs.  tensile  strength  per  square  inch;  "  B" 
of  50  000  lbs.  tensile  strength,  and  'M"  of  69  000  lbs.;  "D"  is  of 
78  000  lbs.  tensile  strength  steel ;  "  F"  of  85  000  lbs.  tensile  strength, 
and  "I  "  of  75  000  lbs.  tensile  strength.  In  Fig.  3,  the  pencil  was  con- 
trolled by  a  spring,  forming  re-current  curves;  specimen  "J""  being 
of  78  000  lbs.  tensile  strength  with  li.%  elongation  in  8  ins.,  sample 
" K"  being  65  000  lbs.  tensile  strength  with  24%"  elongation. 

By  this  method,  tests  can  readily  be  made  upon  crop  ends  of  pieces 
rolled  from  each  ingot  of  steel  used  in  any  given  lot  of  material ;  or,  if 
necessary,  pieces  can  be  tested  from  crop  ends  taken  from  each  end  of 
large  plates  or  bars,  or  from  the  bars  and  plates  themselves.  This  ease 
of  procuring  samples  and  making  the  tests,  and  the  absence  of  any 
large  special  expense  therein,  constitute  a  marked  practical  advantage 
for  this  method  of  testing. 

In  fact,  it  will  be  perfectly  practicable  to  equip  the  punches  used 
at  bridge  and  boiler  shops  in  actual  practice,  with  some  device  for 
measuring  the  force  or  work  done  in  punching  ;  and  by  the  aid  of 
graphical  devices,  a  record  can  be  kept  of  the  characteristics  of  every 
piece  of  metal  punched  that  goes  into  any  structure.  In  this  way, 
it  is  the  writers  judgment,  that  a  more  accurate  and  satisfactory 
system  of  testing  can  be  carried  on  than  is  possible  with  methods  in 
general  use  at  present. 

It  is  not  to  be  inferred  by  this  that  the  need  of  careful  inspec- 
tion at  the  mills  will  be  done  away  with  by  the  adoption  of  this 
method  of  testing  ;  on  the  contrary,  with  the  general  adoption  of  steel 
to  replace  wrought  iron  in  structures,  there  is,  and  probably  will  re- 
main, a  constant  necessity  for  careful  supervision  by  unprejudiced  and 
skillful  inspectors  employed  by  and  in  the  interests  of  the  purchaser 
and  not  of  the  mills  themselves,  in  order  to  insure  suitable  material, 
and  this,  too,  at  the  largest  and  best  appointed  and  managed  steel  mills 
of  the  country,  as  well  as  the  less  experienced  and  smaller  plants. 
This  opinion  is  expressed  after  an  extended  experience  with  the 
methods,  shop  practice  and  character  of  the  material  turned  out  at 
most  all  of  the  structural  steel  works  of  the  country. 

The  characteristics  of  the  metal  actually  developed  by  this  method 
of  testing  are  : 

1.  The  ductility  of  the  metal  as  compared  with  its  tensile  and 
shearing  strength. 
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(a)  The  results  of  experiments  of  Appendix  A  show  that  with  soft, 
ductile  structural  steel,  with  from  50  000  to  70  000  lbs.  per  square  inch 
tensile  strength,  the  shearing  strength  of  the  metal  is  about  75%"  of 
the  tensile  strength  for  single  shear  and  about  73%"  for  double  shear. 

(b)  In  punching  tests,  the  product  of  the  circumference  of  the 
punch  by  the  thickness  of  the  section  is  the  area  subject  to  the  shear- 
ing action  of  the  punch,  at  least  up  to  f  in.  thick  sections.  Using  this 
area  as  a  divisor  and  the  actual  force  applied  in  pounds  to  punch  the 
specimen  as  a  dividend,  will  give  as  a  quotient,  with  approximate 
accuracy,  the  shearing  strength  per  square  inch  of  the  specimen. 

The  experiments  described  in  Ajspendix  B  show  that  with  soft, 
ductile  structural  steel  of  from  50  000  to  70  000  lbs.  per  square  inch 

p 

tensile  strength,  by  using  the  formula  0.75  11=  S  =  where  U= 

C    /\    I 

ultimate  tensile  strength  per  square  inch,  S  =  shearing  strength  per 
square  inch,  P  =  pressure  applied  in  pounds  to  punch  the  specimen, 
c  =  circumference  of  the  punch,  and  i  =  thickness  of  the  specimens, 
both  the  tensile  and  shearing  strength  are  obtained  within  a  reason- 
able limit  by  this  method  of  testing. 

(c)  The  experiments  of  Appendix  C  show  that  with  very  strong  but 
ductile  steel,  of  high  tensile  strength  and  large  elongation,  the  formula 
given  in  paragraph  [b)  does  not  apply,  as  the  shearing  strength  is  not 
over  70^^,  and  in  some  cases  not  over  60%",  of  the  tensile  strength. 

{d)  The  experiments  of  Appendix  D  show  that  with  hard  and  brit- 
tle steel  with  -low  ductility,  the  shearing  strength  more  nearly  ap- 
proaches the  tensile  strength,  and  in  the  very  hard  steel  exceeds  the 
tensile  strength,  so  that  in  these  cases  the  formula  given  in  para- 
graph {b)  does  not  apply. 

(e)  The  experiments  of  Appendix  E  show  that  with  weak  and  rotten 
steel  of  low  tensile  strength  and  ductility  the  relation  of  shearing  to 
tensile  strength  is  not  uniform,  and  that  when  the  force  ajoplied  to 
make  the  punching  test  is  either  abnormally  low  or  high,  or  irregular, 
there  is  cause  for  further  investigation  of  the  metal. 

{f)  The  experiments  of  Aj^ijendix  F  show  that  when  in  punching 
tests  the  thickness  of  the  sj)ecimen  is  over  f  in.,  with  soft  ductile 
steel,  the  effect  of  crushing  instead  of  shearing  is  seen  on  the  last  or 
lower  portion  of  the  metal  of  both  the  punchings  and  of  the  walls  of  the 
steel  in  which  the  holes  are  punched,  and  that  this  factor  is  liable  to 
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give  irregular  and  misleading  results  as  to  quality.  In  these  cases,  a 
double  set  of  punches,  working  against  or  into  each  other,  will  perhaps 
correct  the  trouble. 

(g)  The  experiments  of  Appendix  G  show  that  the  action  of  speed 
in  punching  does  not  modify  the  results  to  any  considerable  extent, 
especially  where  reasonable  care  is  taken  to  have  the  testing  conducted 
under  uniform  conditions  in  this  respect. 

{h)  The  experiments  of  Appendix  H  show  that  variations  in  power 
required  in  punching,  due  to  the  location  of  the  punched  holes  and 
their  environment,  while  being  considerable,  as  shown  by  the  tables, 
are  nothing  like  as  great  as  those  occasioned  by  difference  in  quality  of 
the  metal.  No  marked  error  need  occur  in  this  method  of  testing,  due  to 
the  very  slight  differences  in  the  locations  of  the  centers  of  the  punched 
holes  as  regards  the  edge  of  the  plate  or  the  location  of  adjoining  holes. 

2.  Experiments  show  that  a  method  of  selecting  good  structural 
steel,  and  discarding  that  which  is  unsuitable,  can  be  devised  by  means 
of  this  method  of  testing  its  quality. 

From  the  record  of  the  experiments  given  (and  in  accordance  with 
the  writer's  experience),  it  will  be  seen  that  good  steel  within  the  limit 
of  55  000  to  65  000  lbs.  tensile  strength  per  square  inch,  with  an  elon- 
gation of  over  23%  in  8  ins. ,  a  percentage  of  reduction  of  area  of  over 
45%,  and  which  pulls  apart  in  tensile  tests  with  a  silky  fracture,  will 
require  for  J -in.  punched  holes  (with  centers  Ij  ins.  from  the  edge 
of  the  specimen,  when  the  specimen  is  punched  in  between  30  and  60 
seconds  time  by  a  force  applied  gradually  -with  a  punch  having  g  in. 
clearance),  a  force  proportioned  to  the  thickness  of  the  plate  or  bar,  as 
follows: 

Thickness. 

^  in.  section,  between  20  000   and   24  000  lbs.  pressure. 


_5.- 
16 

8 

JZ_ 

16 

X 
2 

-fi- 
le 


25  000 

30  000 

33  000 

40  000 

40  000 

46  000 

48  000 

55  000 

56  000 

63  000 

65  000 

73  000 

73  000 

80  000 

80  000 

88  000 

85  000 

95  000 

190      HUNT  ON  METHOD  OF  TESTING  STKUCTURAL  STEEL. 

Similarly,  the  work  done  in  puncliing  a  J -in.  hole,  under  similar 
conditions  to  those  stated  above,  can  be  measured  with  various  thick- 
ness of  section  of  structural  steel,  and  the  specifications  may  require 
that  it  shall  be  at  least  equal  to  the  minimum  amount  in  the  following 
table,  where  the  force  used  as  one  factor  in  obtaining  the  work  shall  be, 
as  a  minimum,  in  accordance  with  the  results  given  in  the  corre- 
sponding column: 

Minimum  work  in  inch     Where  the  force  applied 
pounds  must  be  shall  be  at  least 

i-in.  section 3  125  lbs.  25  000  lbs. 

^e  "  "      8  250  "  33  000  " 

I    "  "      10  000  "  40  000  " 

■^   "  "      12  000  "  48  000  " 

i     "  "      14  500  "  56  000  " 

-1^  "  "      17  500  '«  65  000  " 

f    "  "      19  000  "  73  000  " 

ii  "  "      23  000  «'  80  000  " 

^    "  "      25  000  "  85  000  " 

In  another  way,  the  work  done  in  punching  J-in.  holes,  under 
conditions  similar  to  those  given  before,  can  be  used  as  a  means  of 
specifying  suitable  structural  steel,  as  shown  by  the  graphical  methods 
of  representing  the  work  done  in  punching  in  Fig.  3;  by  stipulating 
that  under  given  conditions  the  work  done,  as  measured  by  the  area  of 
cards  produced  under  given  specified  conditions  for  each  given  thick- 
ness, shall  have  a  minimum  area  in  square  inches  equal  to  given 
amounts  when  the  vertical  height  of  the  figures  produced  in  measuring 
the  work  are  no  more  than  given  amounts. 

The  writer  has  no  doubt  but  that  other  and  jDerhaps  better  methods 
will  be  devised  for  measuring  the  force  or  work  applied  in  punching, 
cutting,  indenting,  or  drifting  the  samples  to  be  tested,  and  undoubt- 
edly the  limits  advised  in  this  paper  for  the  requirements  for  specifica- 
tion will  have  to  be  revised  as  more  experience  is  gained  and  more 
workers  give  their  attention  to  the  problems  involved.  The  writer  by 
no  means  wishes  to  claim  that  either  perfection  or  the  most  accurate 
results  have  been  arrived  at  in  the  matter  of  devising  the  best  methods 
of  applying  this  suggested  new  method  of  testing;  on  the  contrary, 
better  quick-acting  machines,  where  the  friction  has  been  balanced  or 
reduced  to  a  minimum  by  special  mechanism,  and  where  new  means 
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entirely  may  be  employed  to  measure  and  record  the  results  as  well 
as  to  perform  the  several  operations  will  undoubtedly  be  invented  and 
adopted,  should  the  method  become  of  general  use;  and,  indeed,  while 
the  results  given  in  the  appendices  following  this  paper  are  by  no 
means  all  the  results  in  each  line  which  have  been  made,  they  have 
been  chosen  as  typical  results  of  the  entire  series.  At  the  same  time 
the  writer  freely  acknowledges  that  it  will  take  a  large  number  of 
tests  and  more  workers  in  the  field  to  give  a  sufficient  amount  of  data 
upon  which  to  generalize  or  to  give  results  which  can  be  safely  recom- 
mended for  specifications  upon  which  important  work  is  based,  in  the 
selection  of  steel  for  engineering  purposes. 

The  writer's  only  claim  is,  that  the  general  principles  involved  in 
this  proposed  method  of  testing  are  of  more  quick  application  than 
any  other,  and  indicate  and  measure  in  perhaps  a  better  way  the  quali- 
ties in  structural  steel  that  are  desirable,  as  well  as  the  undesirable 
attributes  that  the  material  may  have  which  would  make  it  unsuitable 
to  be  used  for  its  designed  purpose. 

The  writer  does  not  claim  that  by  the  use  of  the  proposed  formula 
the  method  will  give  in  all  cases  the  tensile  strength  of  the  metal,  but 
rather  that  it  suggests  a  method  of  testing  for  that  combination  of 
strength  and  ductility  desirable  in  structural  steel.  It  does  not,  for 
instance,  necessarily  distinguish  steel  of  over  65  000  lbs,  from  that  of 
a  higher  tensile  strength  unless  the  ductility  is  correspondingly  low. 
Steel  of  70  000  lbs.  tensile  strength,  with  27%  elongation  in  8  ins., 
might  be  accepted  by  the  method  of  testing  suggested,  in  the  place  of 
a  maximum  65  000-lb.  steel  of  some  specifications,  on  account  of  the 
exceedingly  good  ductility  of  the  specimen  referred  to;  though  such 
a  steel  could  not  be  accepted  under  this  method  of  testing  when 
the  work  is  used  as  the  crucial  test,  and  the  stipulation  is  made  that 
the  work  shall  be  at  least  a  minimum  amount,  the  force  as  one  factor 
of  the  work  not  being  over  a  given  stipulated  amount.  But  steel  with 
70  000  lbs.  tensile  strength  with  only  IS^"^^  elongation  in  8  ins.  would 
be  rejected,  as  shown  by  comparing  the  demands  of  the  foregoing 
tables  for  proposed  specifications  for  structural  material,  with  the 
results  from  such  steel  as  shown  in  the  table  of  Appendix  D. 

This,  the  writer  believes,  is  as  it  should  be.  A  higher  tensile 
strength  steel,  if  accompanied  with  good  ductility,  as  measured  by 
stretch  and  reduction  in  tensile  tests,  should  be  accepted  and  not  re- 
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jected,  and  the  fact  that  this  method  of  testing  would  include  such 
steel  is,  in  the  writer's  judgment,  a  point  in  favor  of  this  method  of 
testing. 

Again,  where  the  section  is  over  f  in.  in  thickness,  the  crushing 
strength  seems  to  be  exceeded  in  the  bottom  portion  of  the  punched 
metal,  and  the  walls  of  both  the  hole  and  punching  show  markedly  the 
line  of  demarcation  between  the  sheared  and  the  crushed  surfaces  of 
the  metal.  The  force  applied  in  punching  seems  to  vary  much  more 
with  steel  of  over  f  in.  thickness  for  varying  factors  of  speed  of  the 
punching  operation,  character  of  the  punch,  and  similar  occasions  for 
the  variance  of  the  results  of  the  punching  test;  and  the  author  does 
not  claim  from  his  experience  that  the  same  degree  of  accuracy  can  be 
obtained  by  this  method  of  testing  sections  of  over  f  in.  thickness  as 
with  thinner  sections  with  the  forms  of  apparatus  already  devised. 

With  the  results  given  in  Appendix  G,  it  is  shown  that  the  speed 
■Vfith  which  the  punching  operation  is  done  has  only  a  comparatively 
slight  influence  upon  the  results.  The  force  required  to  punch  a  given- 
sized  hole  through  a  given  thickness  of  the  same  steel  being  a  few 
thousand  pounds  more  when  the  force  is  applied  upon  the  punch 
quickly  than  when  the  force  is  applied  gradually. 

This  variation,  however,  is  not  more  than  2  000,  or  at  most  3  000, 
lbs. ,  with  material  up  to  f  in.  thickness,  and  is  no  more  than  5  000 
for  steel  of  |  in.  thickness.  These  differences  are  well  within  the 
variance  that  should  be  allowed  for  good  material,  and,  as  our  expe- 
rience has  shown,  are  nothing  like  the  differences  shown  by  the  methods 
of  testing  between  good,  soft,  ductile  steel  and  hard  or  brittle  steel. 

The  results  as  given  in  the  tables  of  Appendices  B,  C  atid  G  show 
the  difference  between  punching  |  and  I  in.  diameter  holes  through 
different  thicknesses  of  steel,  and  the  results  given  in  Appendix  H  show 
that  where  the  location  of  the  center  of  the  punch  varies  in  distance 
from  the  sheared  or  rolled  edge  of  the  steel  it  gives  comparatively 
small  variations  in  results.  This  table  indicates  that  with  ordinary 
care,  precaution  being  taken  to  have  the  tools  uniform  in  character  and 
the  methods  of  working  reasonably  similar,  no  wide  variance  or  dis- 
crepancy of  results  will  be  encountered. 

The  same  remark  also  applies  to  the  method  of  dressing  or  arming 
the  cutting  edge  and  end  of  the  punching  or  cutting  tools.  Widely 
varying  ways  of  doing  this  will  produce  marked  differences  in  the  force 
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applied  or  work  done  in  cutting  or  punching,  through  equivalent  sec- 
tions of  the  same  steel.  At  the  same  time  the  differences  due  to  these 
varying  conditions  are  not  so  marked  nor  the  method  of  testing  so  sensi- 
tive as  to  render  the  results  untrustworthy  when  ordinary  precautions 
necessary  to  accuracy  with  any  method  of  testing  are  observed. 

An  advantage  of  the  system  is  that  it  will  always  be  perfectly  prac- 
ticable to  keep,  at  places  where  tests  are  made,  standard  specimens  of 
the  thicknesses  generally  worked  upon,  which  have  been  tested  by 
other  machines  and  under  other  conditions,  and  of  which  full  records 
of  results  are  ready  for  comparison;  and  at  any  time  questions  as  to 
the  apparatus  in  use  being  out  of  order  or  giving  discordant  results 
can  be  readily  proven  by  making  tests  with  the  standard  specimens  to 
check  the  working  of  the  apparatus. 

When  the  necessary  precautions  that  have  been  explained  in  this 
paper  have  been  taken,  it  is  the  writer's  judgment  that  this  system  of 
testing  the  quality  of  steel  can  be  safely  and  conveniently  used  for 
structural  purposes,  and  that  it  is  sensitive  enough  and  will  exclude 
all  classes  of  bad  steel,  and  that  which  is  unsuitable.  It  will,  of 
course,  take  a  large  amount  of  testing  and  experience  to  develop  all 
the  facts  regarding  this.  In  a  general  way,  however,  the  writer  be- 
lieves that,  especially  where  specifications  for  structural  steel  are 
drawn  requiring  a  minimum  work  where  the  actual  force  applied  as 
one  of  the  factors  of  the  work  is  within  given  limits  for  each  varying 
thickness  of  section,  the  results  obtained  by  the  method  can  be  safely 
relied  upon  to  reject,  not  only  steel  that  will  be  too  hard  or  too  soft, 
but  also  that  which  will  be  too  brittle  or  too  weak,  or  that  which  has 
been  burned,  or  steel  that  has  not  had  a  sufficient  amount  of  "work" 
— in  short,  that  it  will  reject  metal  that  has  any  of  the  injurious  qual- 
ities that  steel   is   ordinarily  rejected   for,    as   regards    its   physical 

properties. 

APPENDIX  A. 

Detebmination  of  Eelation  of  Shbaiong  to  Tensile  Strength. 

Samples  of  I,  |,  f  and  |  in.  diameter  round  rods  of  soft  steel  were 

taken  by  the  writer  for  experiments,  care  being  taken  in  each  instance 

to  know  the  rods  were  each  from  homogeneous  and  uniform  melts  of 

steel  that  had  previously  been  ascertained  by  frequent  tests  to  be  of 

good  representative  quality  of  that  used  in  ordinary  structural  work, 

most  of  it  being  of  a  character  used  in  the  fabrication  of  rivets. 
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One  or  more  jjortions  of  each  rod  were  pulled  aj^art  in  the  100  000-lb. 
Olsen  testing  machine  of  the  Pittsburgh  Testing  Laboratory,  and 
the  ordinary  tensile  test  results  obtained  are  recorded  in  Table  A  of 
this  appendix. 

Adjoining  portions  of  the  same  rods  were  sheared  aj^art,  either  in 
single  or  double  shear,  in  an  apparatus  in  use  by  the  writer  at  the 
Pittsburgh  Testing  Laboratory,  and  which  is  shown  in  Figs.  5,  6,  7  and 
8.  The  opposite  ends  of  the  apparatus  were,  in  most  instances,  held 
between  the  upper  fixed  and  lower  movable  cross-heads  of  the  Olsen 
testing  machine  of  the  Pittsburgh  Testing  Laboratory,  although 
corroborative  check  results  were  obtained  by  use  of  the  same  apparatus 
attached  to  the  heads  of  an  100  000-lb.  Emery  machine. 

Single  Sfiear 


The  bearings  or  cutting  edges  of  the  shearing  apparatus  are  rings  R 
of  Figs.  5,  6,  7  and  8  and  are  of  specially  prepared  hard  tool  steel. 
Concordant,  and  the  writer  believes  accurate,  results  were  obtained 
in  all  the  tests  recorded  in  Table  A,  great  care  being  taken  to  insure 
the  specimens  being  sheared  directly  in  line  without  unnecessary 
bending  moments,  and  with  precautions  to  keep  friction  at  a  minimum. 

The  results  indicate  that  somewhat  greater  shearing  strength  is 
shown  in  single  than  in  double  shear  with  the  method  of  testing 
adopted.  An  average  of  16  results  of  specimens  Nos.  3  to  18  in- 
clusive, give  the  shearing  strength  in  single  shear  as  75A6%  of  the 
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ultimate  tensile  strength,  and  only  73.56%"  in  double  shear.  This  is 
probably  due  to  increased  bending  moments  in  the  case  of  the  specimens 
subject  to  double  shear.  Still,  as  the  rods  very  closely  filled  the 
holes  in  the  cutting  rings  in  each  instance,  and  the  distance  between 
shearing  jslanes  was  1  in.,  the  conditions  were  very  similar  to  the 
strains  of  double  shear  j)roduced  on  rivets  in  actual  practice. 

The  results,  as  a  whole,  show  that  the  usual  stipulations  in  en- 
gineering specifications,  and  the  practice  of  allowing  a  unit  strain  in 
structural  steel  subject  to  shearing  stress  of  80%  of  that  allowed  in 
tension,  is  probably  too  liberal,  and  that  it  should  be  reduced  to  about 
70%"  in  metal  subject  to  double  shear,  and  not  over  75%  in  that  subject 
to  single  shear. 

Double  Sh&ar 


top  »eA  o  Of 

reSriNG  MACH/M, 


,i^  sorroM  HctKD  0^ 

e  TESTING  MACHI/VC 


Unfortunately,  the  literature  of  the  relation  of  shearing  to  tensile 
strength  is  very  limited,  and  the  exact  relations  under  different  condi- 
tions have  not  yet  been  thoroughly  worked  up,  so  far  as  the  writer  can 
find  in  the  various  works  on  "Mechanics  and  Strength  of  Materials," 
which  he  has  consulted.  Nearly  all  of  the  works  seem  to  agree  that 
the  shearing  strength  is  80%  of  the  tensile,  but  very  few  results  of 
actual  experiments  are  given  to  substantiate  these  figures. 

Thomas  Box,  in  his  work,  deduces  his  values  of  the  pitch  of  rivets 
by  considering  the  shearing  strength  of  the  rivet  per  square  inch  as 
equal  to  75%  of  the  tensile  strength  of  the  plate  per  square  inch. 
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Lanza,  in  his  admirable  work  on  "  Applied  Mechanics,"  paragraph 
229,  quotes  the  shearing  strength  of  wrought  iron  and  steel,  as  de- 
duced from  an  experiment  on  torsional  strength  as  :  "Found  to  be 
about  equal  to  the  tensile  strength.  When  deduced  from  experiments 
on  riveted  joints,  it  is  found  to  be  about  three-quarters  or  four-fifths 
of  the  tensile  strength.  "* 

APPENDIX    B. 

A  punching  apparatus  was  used  for  the  major  portion  of  the  tests 
given  in  Table  B,  and,  in  fact,  was  used  in  the  punching  results  of  the 
other  tables  of  Appendices  B,  C,  D,  E,  E,  G  and  H  as  shown  in  Eig.  4. 


V////„///////////y///////////J 


?^ 


Tiir 


^yH^^^^^mm^H  F^^'^''^^ 


*. 


It  consists  of  two  plates  of  steel  \\  ins.  thick,  which  are  held  apart  by 
1^-in.  blocks  and  bolted  securely  together  with  two  ^-in.  bolts  at  either 
end.  The  length  of  the  apparatus  is  9iins.,  the  base  plate  having  1|- 
in.  projections  upon  which  the  apparatus  rests.  The  plates  are  jjierced 
with  two  holes  for  a  i-in.  punch  in  one  instance,  and  a  ^-in.  jjunch  in 
the  other.  The  diameter  of  the  lower  dies  is  from  1  to  I3V  ins.  for  the 
|-in.  punch,  and  from  \  to  |f  in.  for  the  |-in.  punch. 

*  Very  valuable  data  upon  the  shearing  strength  of  steel  has  been  lately  published  in  the 
American  Engineer  and  Contract  Journal,  by  Mr.  H.  V.  Loss;  the  writer  haying  gone  into  the 
subject  of  shearing  strength  very  fully. 


HUNT  ON  METHOD  OF  TESTING  STRUCTURAL  STEEL,      197 


o^  jBaqs  Qiqnop 
JO  'juaDagd: 


t-C-t-t-t't-t-C-C'C*! 


■  t»  ?o  ^  t'  t» 


•qjSaajjs 
otSaia  JO  'ijaeojaij 


jBaqsajqnop 

ni  pgjjaxa 

qoai  9JBnbs 

J9d  spunoj 


oooooooooooooooo 


ut  p3;j9xa 
qoai  aj'Bnbs 
aad  spano J 


•JBsqs 
9iqnop  ni 

P9}J9X9  IBUpB 

spanoj; 


'Je9q8 

exSnts  ui 

p9;J9X9  ]BnpB 

spanod 


O O O O O O O  O O O O O O O O O O O  S O  O o     o     030000 


oooooooooooooooo 


0  0  0  0  0  0  0  0  0  0  3  0  0  0  0  0  0  0  o 

0000»0000000«300»0»000  o 

t»  CO  CO  «0  O  O  O  rH  ■***<•*  ^  Ol  0»  O  O  t- '.I*  CO      OS  Oi  C«  O  ■*  •* 

e^(MO)(MC«e^«C<i-n-<i-li-(  C^C^C^CJ  in     rHrHCSJ-lr-nn 


O  O  O  O  O  O 
O  O  OO  lO  lO 

«  o  o  «  to  i-> 


•jn90J9<J 
•B3JB  JO 

uotpnpaa 


•}n90J9J 

•sni  8  nt 
notj'BSaota 


•qDui 

9jenbs  lad 

q)dii9j:)s 

9CBUItUH 


•qont 
9JBnb9  lad 


C^C^t-t-CflOO-^COX-^lO^C^OQOOO^^Xt- 

COCOr-tt-(»OCOOX'*Oi'»*<?3TH»OC^f-lt-<MCiO 

t-t-c«c^o>ooo-Ht^x.-I«c^a>oo«*ci(rix' 

U^IOCOCOlOCOCOCOlOIOIOCOCOCOtOiOMI^VUS 


oioooiooiaooooiaoooo 

US-MOOC^Ot-WSiOOOt^OOOUS 
OrHOOOilOt^OSt-OST^Xe^t-t-t^ 


OOOOOOOOOOOOOOOOOOOO 

*Ht-(Xxot*i-t-ot-r-(o>ncoocooc-"*x 

asCst-t»-^t-iHOS?30Xt'USXt-Or-tXOX 
<XOO:OCO-H»HOOCOCO»0'«i<»-»0 


OOOOOOOOOOOOOOOO 

05»oc^-*"t-cooas--'^HC5(n4CXio>o 

4CC^tOC^050iOSCSOOCOC^C:):OOlO 
COCOC^CT-t<-^C^ClC1(M?^OXO^CO 


'2J0l0iCC0t-OW5U5ia«OCflCl'»*<-,*4OC5C0b-» 


)  »0  .-I  CI  '^  ^H  t 


oooooooooooooooo oooooooooooooo 


'U0T>dlJ0B9(I 


;^  ;^ 


•  jaqran  SI  uomioadg 


i-(  iH  iTl  CS  CO -^  U5  ?0  t- 00  C34  O  "-f  C«  «  -*  lO  O  t- 00  OS  O  iH  C^  CO -^  «3  ?D  C» 
l-t  t-C  P-l  1-H  rH  t-1  r-<  rH  i-H  r-  C^   M   C^  C^  C^  CS  CS  CI 


198      HUNT  ON  METHOD  OF  TESTING  STRUCTURAL  STEEL. 

As  the  apparatus  is  arranged  in  Fig.  4,  the  plate  to  be  punched 
(marked  "Plate")  is  placed  in  position  and  the  f-in.  punch  is  placed 
upon  it,  the  whole  apparatus  setting  upon  the  bottom  plate  of  the 
testing  machine,  from  which  the  pressure  applied  is  transmitted 
through  to  the  weighing  apparatus  of  the  machine,  the  top  head  of 
the  machine  pressing  directly  upon  the  top  of  the  f-in.  punch.  The 
other  general  dimensions  are  shown  by  inspection  of  Fig.  4. 

The  power  required  in  punching  samples  of  good  structural  steel 
is  shown  in  Table  B  of  this  appendix.  The  specimens  were  selected 
as  those  having  a  tensile  strength  of  between  50  000  and  70  000  lbs.  per 
square  inch,  with  good  ductility. 

Punching  tests  were  made  from  the  same  material,  with  both  the 
f  and  |-in.  punches  in  most  instances.  The  power  was  applied  and 
measured,  in  these  tests  of  Table  B,  upon  an  Emery  100  000-lb.  ca- 
pacity testing  machine  in  all  cases,  except  samples  marked  "6,"  "8," 
and  "9,"  in  which  the  first  and  second  results,  marked  "  a  "  and  "6," 
were  measured  on  the  Emery  testing  machine,  and  the  third  and 
fourth  marked  "c"  and  "rf,"  on  a  100  000-lb.  Olsen  testing  machine 
of  the  Pittsburgh  Testing  Laboratory.  The  legend  of  this  table  and,, 
indeed,  of  the  following  tables  of  the  other  appendices  of  this  paper, 
is  as  follows  : 

TJ  =  ultimate  tensile  strength  per  square  inch. 

S  =  shearing  strength  per  square  inch,  as  obtained  by  getting 

75%  of  the  tensile  strength. 
P  =  pressure  applied  in  pounds  to  punch  the  material. 
c   =  average  circumference  of  the  punching. 
t   =  thickness  of  the  specimen  punched. 
The  shearing  strength  per  square  inch  is  represented  by  the  formula: 

F 
c  X  t 

Due  to  the  large  clearance  of  the  punching  apparatus,  the  vahie  of 
c,  or  the  average  circumference,  was  found  to  be  very  closely  the  same 
through  the  varying  thicknesses  of  metal,  and  was  taken  for  the  j-in. 
punch  to  be  2.5133  ins.  ;  and  with  the  |-in.  punch,  c,  or  the  average 
circumference,  was  taken  at  2.9217  ins. 

By  inspection  of  Table  B,  the  increment  due  to  increased  thick- 
ness to  produce  the  punchings  is  shown  throughout  to  be  more  or 
less  regular,  although  the  increment  varies  more  above  the  thicknesa 
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of  f  in.  than  with  thinner  sections,  as  shown  more  clearly  in  Appendix 
r.  The  average  increment  of  pressure  is  found  to  be,  as  an  average 
of  a  large  number  of  experiments,  from  112  to  120  lbs.  for  each  roVo 
in.  added  thickness  for  the  |-in.  diameter  punchings,  and  from  133  to 
137  lbs.  similarly  for  the  |  diameter  punchings  in  ordinary  cases  of 
good  steel. 

Specimen  Ko.  1  is  acid  open  hearth  steel.  Specimen  No.  18  is  acid  Bessemer  steeL 
2  "    "             "                "  " 

"  3 "    "    Bessemer         "  " 

••  4 "  basic  open  hearth  "  " 
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APPENDIX  C. 

Similar  tests  to  those  described  in  Appendix  B  were  made  by  the 
writer  upon  similar  samples  of  steel  of  extra  purity  and  quality,  and 
which  have  exhibited  very  high  ductility  as  compared  to  the  ultimate 
strength  in  tensile  tests. 

The  same  legend  which  has  been  used  in  Appendix  B  applies  to  this 
Appendix  and  its  Table  C. 

The  results  of  12  tests  upon  six  different  samples  give,  as  an  average 
of  the  percentages  of  the  shearing  strength  per  square  inch  of  the  ulti- 
mate tensile  strength,  67.63%  for  the  steel  punched  with  |-in.  punch, 
and  67.74  %  with  the  same  steel  punched  with  the  3 -in.  punch. 

All  the  specimens  of  steel  of  Table  C  were  made  by  the  acid  open 
hearth  process. 

The  results  clearly  show  that  with  this  class  of  steel  the  shearing 

P 

strength  per  square  inch,  as  determined  by  the  formula ,  is  a 

c  X  ' 

smaller  percentage  of  the  ultimate  tensile  strength,  and  the  steel  is  not 
of  so  great  comparative  ductility,  a  state  of  affairs  that  by  no  means 
points  necessarily  to  a  poor  quality  of  steel,  and,  in  fact,  in  the  par- 
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ticular  steel  under  consideration,  is  an  evidence  of  sujjerior  quality 
instead. 

APPENDIX  D. 

Similar  tests  to  those  described  in  Appendices  B  and  C  were  made 
by  the  writer  upon  samples  of  hard  and  brittle  steels,  most  of  which 
owed  their  hard  and  brittle  qualities  to  high  carbon  or  high  phos- 
phorus, or  a  combination  of  the  two,  or  to  large  proportions  of  man- 
ganese probably  not  uniformly  distributed  through  the  metal. 

The  same  legend  which  has  been  used  in  the  previous  Appendices 
B  and  C  applies  to  this  appendix  and  its  Table  D. 

In  the  case  of  the  hard  and  brittle  steels,  the  results  given  in  Table 
D  show  that  the  shearing  strength  approaches  much  more  nearly  the 
tensile  strength  than  with  softer  and  more  ductile  metal. 

Specimens  numbered  1  to  5  inclusive  were  of  acid  Bessemer  steel. 
Specimen  No.  6  was  made  by  the  basic  Bessemer  process  ;  and  specimen 
No.  8  was  crucible  steel. 

APPENDIX  E. 

Similar  tests  to  those  described  in  Appendices  B,  C,  and  D  were 
made  by  the  writer  upon  samples  of  steel  which  had  proven  weak  and 
rotten  in  tensile  tests. 

The  same  legend  which  has  been  used  in  the  previous  Appendices 
B,  C  and  D  applies  to  this  api^endix  and  to  Tables  El  and  E2. 

The  proportion  between  the  shearing  strength  as  determined  by  the 

P 
formula and  the  ultimate  tensile  strength,  varies  greatly  with  this 

class  of  steel,  due  to  the  peculiar  condition  it  may  be  left  in.  Some 
weak  steel  is  superficially  quite  hard,  while  others  are  softer  throughout 
than  ordinary  steel. 

In  almost  all  cases  the  pressure  applied  is  less  in  punching  with 
this  class  of  steel  than  with  good  steel,  though  this  is  not,  in  fact,  the 
case  with  the  samjiles  of  weak  steel  chosen  for  this  appendix. 

In  the  case  of  the  "burned"  steel  of  ordinary  grades,  Table  E2 
shows  an  average  loss  of  2i^o%/o  ^or  J-in.  punching,  and  l-^ih%  ""'ith  the 
|-in.  punch,  of  the  power  used  in  punching  the  same  metal  before  it 
was  burned. 

All  the  specimens  of  Table  E2  were  the  same  as  lareviously  reported 
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in  Table  B,  the  steel  being  purposely  and  markedly  "  burned  "  for  the 
I^urj^ose  of  making  these  tests. 

The  writer's  experience  with  testing  this  class  of  metal  points  to  the 
necessity  of  the  use  of  some  method  of  measuring  the  work  done  in 
punching,  as  a  crucial  test  by  this  method  for  pointing  out  weak  and 
rotten  steel,  where  the  work  done  instead  of  the  force  alone  is  employed 
as  the  method  of  testing.  It  seems  very  easy  to  discriminate  this  class 
of  i^oor  steel,  as  the  amount  of  work  done  is  always  markedly  less  iu 
such  cases  than  with  good  steel  treated  similarly. 

In  the  case  of  specimens  of  Table  El,  the  steel  had  evidently  never 
been  properly  refined,  due  in  the  case  of  specimens  Nos.  4,  5,  6  and  7, 
made  by  the  acid  open  hearth  process,  to  a  cold  open  hearth  furnace,  un- 
skillful melting,  failure  of  gas  supply,  or  a  similar  cause.  In  the  case 
of  the  acid  Bessemer  steel  specimens  Nos.  1  and  3,  due  to  a  bad  jug-iron 
mixture  working  cold,  a  lack  of  wind  pressure  or  similar  cause. 

In  the  cases  of  burned  steel  shown  in  Table  E2,  often  such  steel  is 
rendered  superficially  hard  and  brittle,  probably  due  to  the  absorption 
by  the  metal  of  considerable  amounts  of  occluded  gases  at  the  high 
temperature  it  had  been  subjected  to  at  the  time  it  was  burned.  Most 
steels,  however,  show  a  less  tensile  strength  and  take  less  power  to 
punch  after  being  burned.  In  other  words,  these  burned  steels  are 
weaker  and  are  made  rotten  by  burning,  as  shown  by  inspection  of 
Table  E2.  In  some  cases,  however,  probably,  as  above  exi^lained,  due 
to  the  occlusion  and  chemical  combination  of  occluded  gases,  burned 
steel  is  rendered  hard  and  brittle,  although  in  such  cases  the  writer's 
exi^erience  has  been  that  the  elastic  limit  of  tensile  specimens  very 
closely  approaches  the  ultimate  strength,  and  by  the  burning  operation 
the  character  of  the  steel  is  made  to  approach  that  of  cast  iron. 

By  inspection  of  the  pressures  applied  upon  the  specimens  of  the 
steel,  both  before  and  after  burning,  a  marked  diminution  of  pressure 
will  be  noted  in  the  burned  specimens,  and  had  the  results  been  calcu- 
lated upon  the  same  thicknesses  of  metal,  columns  12  to  17,  inclusive,  of 
Table  E2  would  have  shown  the  same  marked  variances,  so  that  in 
actual  practice  burned  steel  of  any  given  section  can  be  told  ordinarily 
by  the  diminution  in  pressure  required  in  punching.  The  burning 
operation  in  each  case  raised  a  heavy  scale  which  was  cleaned  oflf  before 
the  specimens  were  punched  in  each  case,  and  the  calculations  of  the 
table  were  made  upon  the  decreased  sections  of  actual  metal  punched. 
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APPENDIX  F. 

Action  op  the  Thickness  of  the  Specimen  in  Punching. 

The  records  of  tests  of  steel  of  over  f  in,  thickness  so  far  made  by 
the  writer  have  not  given  as  uniform  results  as  similar  results  of  steel 
lower  thickness. 

There  seems  to  be  a  crushing  action  upon  the  lower  sections  of  the 
metal  which  seems  to  be  plainly  shown  upon  examination  of  both  the 
walls  of  the  punched  holes  and  the  punchings  themselves. 

The  tests  have  also  shown  the  general  shop  rule  to  be  a  good  one, 
of  never  using  a  punch  in  steel  of  a  thickness  greater  than  the  diameter 
of  the  punch.  In  several  instances  of  punching  up  to  |  and  1  in. 
thickness,  the  punches  of  J  in.  diameter  made  of  best  steel  failed,  in 
most  cases,  by  bending. 

As  a  general  rule,  material  thicker  than  f-in.  requires  a  little  lower 
pressure  per  square  inch  than  thinner  sections  of  the  same  steel,  prob- 
ably due  partly  to  the  crushing  action  of  the  lower  part  of  the  metal 
mentioned  above,  and  partly  to  the  fact  that  the  thicker  steel  has  not 
had  proportionately  so  miich  work  upon  it  in  most  cases,  and  is  not  so 
strong,  either  in  tensile  or  shearing  strength,  as  the  thinner  rolled 
material. 

Specimens,  the  tests  of  which  are  tabulated  in  Table  F  as  Nos. 
1,  2,  10,  11,  13,  are  of  acid  Bessemer  steel  ;  Nos.  3,  5,  8  are  of  basic 
open  hearth  steel ;  and  Nos.  4,  6,  7,  9,  12,  14  are  acid  open  hearth 
steel. 

APPENDIX   G. 

The  Action  of   Speed   of   Punching  in  Modifying  the  Resitlts  in 
Punching  Tests. 

A  considerable  number  of  specimens  of  steel  were  taken  which  had 
been  proven  to  be  very  homogeneous  throughout,  and  on  which  a  good 
many  results  of  punching  tests  had  been  obtained.  These  were  again 
tested  and  the  power  ajjplied  in  punching  both  f  and  |-in.  holes  was 
measured.  The  power  was  applied  very  gradually,  from  1  to  10  min- 
utes' time  being  occupied  in  some  cases,  and  in  others,  on  the  same 
steel,  performing  the  launching  in  from  10  to  60  seconds.  This  was 
done  very  accurately,  with  the  aid  of  the  rapid-working  plunger  of  an 


TABLE  B. 
Samples  of  Good  Soft  Steel  op  Avekage  QuALrrT  between  50  000  and  70  000  Lbs.  Tensile  Strength  peb  Squabe  Inch. 


63"  X  A"  PI. 
2"  X  2"  X  iV  L. 
3'x3"  X  j"  L. 

16'  X  i"  PI. 
3-  X  3"_x  /s  ■  L. 

62"  X  I'i"  PI.  lac- 

lOi-  X  jJ-Pl. 

10"  X  ;;■■  PI. 


10"  X  2"  p;. 

25"x/,"Pl. 

4"  X  4  ■  X  j'a  '  L. 

20  ■  X  i"  PI. 

IC"  X  J"  PI 

5"  x3J  ■  X  J"  L. 

6"  X  6"  X  ji'j  ■  L. 

C"  X  C"  X  fj"  u. 

18"xf,"PI. 

5"  X  5"  X  I"  L. 

10"  X  8"  PI. 

6"  X  6"  X  }>"  L. 
18"  X  j{"  PI. 

i"  X  i"  xj"  L. 

10"  X  3"  PI. 
10"  X  )3"  PI 

6"  X  G  ■  X  JJ"  L. 

24"  X  J"  PI. 

18"  X  {"  PI. 
6"  X  6 "^x  iS  •  L. 

21"  X  1"  PI. 
15"  X  1"  PI, 


Tensile  Tests. 


Elastic 

limit    per 

square 

inch. 


Ultimate 
strength  per 
square  inch. 


0.185 
0.187 
0.246 
0.260 
0.310 
0.320 

0.363 
O.305 


0.370 

0.3CO 

0.430 

0.438 

0  503 

0.503 

0.B30 

0.3S0 

0..i65 

0..)60 

O.COO 

0.620 

0.670 

0.690 

0.725 

0  765 

0.817 

0.813 

0.880 

0  870 

0.910 
0938 

1.010 

1.008 


48  360 
46  200 
41770 
42  200 
38  900 

37  200 

38  000 

38  630 

41  960 

42  .500 
39OG0 
33  200 

32  100 

42  820 
40  330 
42O0O 

39  360 

37  300 
39  210 
39  480 

38  710 

36  430 

39  440 

43  000 

40  700 

37  500 

33  330 

37  090 

38  261V  " 
32  050 

34  000 


34  600 
33  270 
33  030 


Elongation 
in  8  ins. 
Percent. 


63  720 
06  200 
01590 
63  500 

00  970 
61690 

62  400 
58  370 

67  170 

68  000 
01210 
03  300 
60  800 
70  790 
61910 

63  500 
01990 
53  900 

69  000 

02  380 
CO  910 

03  290 

62  380 
09  600 

01  100 

56  200 
00160 

63  390 

02  400 

57  870 

04  800 


62  lUO 
60  320 
57  200 


20.00 
21.30 
25.00 

25  80 
25.00 
24.80 
25.80 
25.00 
26.23 
20.80 
20.23 
20.00 
29.80 
23.70 
28.00 
24.60 

26  00 
27.30 
26.20 
20.25 

25.no 

28..';0 
25.00 
23.80 
23.75 
24  80 
28.75 
30.00 

24.30 
27.00 
23.80 


Reduction 

of  area. 
Percent. 


Punching  Tests. 


23.00 
30.50 
23.80 


67.04 

68.10 

61.90 

50.30 

53.80 

54.20 

63.00 

02.50 

51.47 

50.90 

50.62 

61.30 

72.10  • 

51.70 

53.80 

50.30 

52.30 

04.20 

58.30 

55  30 

54.40 

59.93 

60.70 

48.60 

56.20 

63.90 

54.90 

62.00 

62.00' 
59.00 
51.10 


48.00 
63.30 
47.90 


Pressure  applied  Pressure  applied 

in  pounds  to  in  pounds  to 

punch  ,5-in.  punch  ^-in. 

diameter  punch,  diameter  punch. 

P  P. 


21600 
23  600 

28  300 

29  800 

37  000 

30  800 
36  500 


45  700 
44  000 

46  100 
46  800 


40  000 
46  300 
46  000 
46  100 

39  800 

40  urn 

48  100 

60  200 
61000 
54  000 
63  800 
00  303 
59  400 
50  900 
57  200 
02  000 
62  100 
70  000 
69  000 
07  100 
65  700 
61000 
02  000 
74  000 

74  300 

75  900 
75  400 
86  000 
86  500 
80  600 
80  200 

82  000 

83  800 
83  000 
85  009 
90  300 
88  100 

93  000 

94  000 
101  000 


25  200 
27  500 

31  800 

32  200 

33  500 


43  600 

46  800 
48  900 
53  800 
53  000 
53  900 

52  400 
62  100 
62  000 
51800 
45  100 
45  300 
64  500 
64  800 
.58  300 
58  400 
02  100 
01800 
66  900 
68100 

64  800 

65  300 

70  100 
09  400 
79  000 
78  300 
76  400 
76  100 

71  400 
71600 
83  300 

83  200 

84  000 
86  200 
93  100 
93  700 
89  100 
89  000 
97  300 

96  700 
92  000 
99  000 

97  500 

100  400 

101  900 
100  700 
114  000 
107  000 
119  000 
121  000 

119  000 

120  000 

121  000 


Results  Obtained  by  Calculation. 


c  X  « 
with  i|-in.  diam- 
eter punch. 
c  =  2.5133. 


45  960 

44  430 

4t  9S0 

46  320 

44  780 

47  600 

45  830 

47  240 

.' 

46  280 

43  640 

46  130 

44  170 

49  810 

43  880 

47  960 

46  850 

60  250 

50  440 

49  920 

49  700 

SO  040 

60  610 

49  920 

50  930 

49  270 

60  000 

49  010 

50  270 

48  900 

60  380 

48  710 

42  800 

41  720 

43  230 

41900 

53  160 

51  310 

52  100 

47  370 

46  410 

47  330 

46  490 

49  650 

48  530 

48  870 

48  290 

47  980 

46  790 

47  270 

46  210 

44  810 

43  920 

46  070 

44260 

46  020 

44  770 

46100 

44  320 

48  020 

46  620 

47  340 

46  210 

48  100 

47  110 

47  090 

46  930 

43  340 

43  640 

44  050 

43  710 

49  070 

47  520 

49  270 

47  460 

48  720 

46  700 

48  400 

47  680 

51070 

47  590 

50  830 

47  870 

46  420 

44  200 

46  260 

44  150 

45  010 

46  930 

46  000 

46  660 

43  740 

41670 

44  800 

44  810 

43  980 

40f60 

42  020 

42  000 

45  1)20 

42  910 

46  020 

42  400 

46  640 

44  340 

41630 

47  680 

46  50O 

46  800 

47  290 

44  760 

49"  630 

43  800 

46660 

■  > 

41010 

44  620 

43  110 

45  410 

42  780 

ex  « 
with  ^-in.  diam- 
eter punch, 
c  =  2.9217. 


46  610 
60  320 


49  290 

49  660 
46190 
46  030 

45  730 

46  190 

46  800 

43  780 

50  380 
51000 
48  180 

47  630 
38  100 
63  090 

46  440 

47  030 
40  490 
41920 

44  930 
40  790 

45  680 

47  470 

46  790 
52  130 

45  830 

42  160 

43  120 

46  300 

46  806' 
43  410 

48  600 

"46686" 
42  240 
42  900 


Percent. 

c  X  ( 
is  to  ultimate 
strength,  ^-in. 
diameter  panch. 


75.54 
75.62 
74  64 


77.91 
77.48 
73.68 


85.32 
82.12 
74.80 
74.32 
74.50 
74.32 
79.28 
76.29 
76.12 
75.82 
84.26 
85.90 
75.10 

76.50 
77.10 
77.24 
76.36 
77.27 
77.20 
80.21 
80.62 
76,83 
76.96 
76.98 
76.89 
78.97 
77.32 
68.48 
69,60 
78,60 
78.98 
70.10 
69.64 
83  68 
83.26 
82  20 
82.32 
74.8J 
76  46 
72  44 
74.24 


72.96 
73.74 
78.86 


is  to  ultimate 

strength,  {-in. 

diameter  punch. 


70.92 
76.10 


70.78 

75.16 
78.64 
76.10 
73.9'J 
75,24 

76.70 
76,24 
77.00 
76.70 
82.10 
82  48 


78.56 
79  17 
74.74 
73  99 
74,74 
74.08 
77.31 
77,06 
08,95 
69,06 
76.18 
76.10 
67,20 
68,46 
77.8  1 
78.34 


68.76 
67  95 
76.02 
71.94 
71  76 
72,90 

70.54 

72,82 


0.12 
0.22 
Oil 
0.24 
0.10 
0.25 

0,15 
0.24 


0.13 
0,19 
0.15 
0.14 
0  21 
0.10 
0.12 
0.15 
0.13 
0.10 
0.10 
0.18 
0.16 
0.17 
0.15 
0.13 

0  19 
0.25 
0.27 
0.11 


0.50 
0.51 
0.46 
0.44 
0.46 
0  48 

0.43 
0,46 


0,29 
0,49 
0.33 
0  43 
0.42 
0,30 
0.37 
0.54 
0.32 

0.50 
0,39 
0  09 
0,49 
0.45 
0.68 
0,63 
0  37 
0.51 
0,37 
0.63 


TABLE  C. 
Vebt  Puke  and  Good  Steel  of  High  Tensile  Strength  and  Ductility. 


1 

2 

3 

4 

■^' 

6 

7 

8 

9 

10 

11 

la 

13 

14 

1.5 

16 

h 

Tensile  Test. 

Punching  Test. 

Results  Obtainel 

BY  Calculation. 

Analyses. 

a 

rescriplion 

Thickness 

Pressure  ap- 

Pressure ap- 

P 

P 

P 

P 

i 

cut  from— 

specimen. 

Elastic 

limit  per 

square 

inch. 

Ultimate 

strength 

per  square 

inch. 

Elongation  in 

8  ins. 

Percent. 

Reduction 
of  area. 
Percent. 

plied  in 

pounds  to 

punch  with 

5i-in. 

punch. 

plied  in 
pounds  to 
punch  with 

C  X  t 

with  ii-ia. 
diameter 

c  X  t 
with  Jg-in. 
diameter 

cxt     ^'"^ 
%-m.  diam- 
eter punch 

c  X  t    '"''^ 
'i-in.  diam- 
eter punch 

Carbon. 
Percent. 

Manganese. 
Perceut. 

Phos- 
phorus. 
Percent. 

1 

CO 

punch. 

punch. 

punch. 

to  ultimate 
strength. 

to  ultimate 
strength. 

lo 

10' •  X  %■'  PI. 

0.365 

44  220 

73  600 

24.25 

50.67 

46  600 

52  100 

50  800 

4S  900 

69.02 

66.37 

0.17 

0  55 

0.041 

16 

" 

" 

" 

•  ' 

16  600 

63  noo 

50  800 

49  750 

69.02 

67  53 

2o 

10'  ■  XX''  PI. 

0.360 

40  820 

70  790 

25.76 

51.77 

18  100 

54  900 

53  160 

52  200 

75.10 

73.74 

0.18 

0.51 

0.037 

26 

•« 

<< 

47  900 

54  700 

52  940 

52  000 

74.78 

73.45 

■  t 

3o 

W  ■  X  %■  •  PI. 

0.367 

42  060 

70  170 

25.75 

50.99 

47  500 

52  800 

51  500 

49  240 

73.39 

70.17 

0.16 

0.49 

0.042 

36 

•• 

" 

" 

46  800 

62  900 

50  740 

49  340 

72.31 

70.32 

«• 

4a.... 

6"   X  3ii'  ■  X  K'  ■  L. 

0.636 

41  300 

70  200 

27.30 

54.60 

62  100 

71  800 

46  100 

45  850 

65.67 

65  34 

0.19 

0.51 

0.029 

46 

" 

"« 

" 

61  800 

71  900 

45  870 

45  920 

65.34 

65.41 

6u 

5"  X  >J' '  bar. 

0.305 

47  900 

82  400 

25.10 

52.26 

61  900 

73  400 

61  720 

49  750 

62.04 

60.38 

0.24 

0.48 

0.031 

66  .... 

** 

" 

65  200 

73  600 

61  360 

49  810 

62.33 

60.45 

eo   .... 

6'  X  6"  X  ,%■■  L. 

0.661 

45  000 

78  800 

26  25 

64.00 

68  800 

76  300 

48  790 

46  650 

61.92 

59.07 

0.20 

0.59 

0.035 

66 

69  000 

76  800 

48  940 

46  850 

»62  11 

T.'J9.45 

*  Average,  67.63  per  cent, 
t  Average,  67.74  per  cent. 


TABLE  D. 
Haed  Brittle  Steel. 


1 

a 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

1.5 

IG 

^ 

Tensile  Test. 

Punching  Test. 

Results  Obtained  by  Calculation. 

Analyses. 

Percent,  of 

Percent,  of 

Description 
cut  from — 

Thicknoss 

Pressure  ap- 

Pressure ap- 

P 

/' 

-P 

-P 

3 
1 

specimen. 

Elastic 

limit  per 

square 

inch. 

Ultimate 

strength 

per  square 

inch. 

Elongation  in 

8  ins. 

Percent. 

Reduction 
of  area. 
Percent. 

plied  in 
pounds  to 
punch  with 

punch. 

plied  in 

pounds  to 

punch  with 

'i-iu. 

punch. 

C  X  ( 

with  ?iin. 

diameter 

punch. 

c  X  t 

with  ?8-in. 

diameter 

punch. 

Ji-m.  diam- 
eter punch 
to  ultimate 
strength. 

C  X  ( 

'n-in.  diam- 
eter punch 
to  ultimate 
strength. 

Carbon. 
Percent. 

Manganese. 
Percent. 

Phos- 
phorus. 
Percent. 

la 

10' ■  X  '„■■  PI. 

0.361 

49  900 

71  200 

16.30 

30.80 

GO  400 

67  900 

66  670 

04  370 

93.60 

90.42 

0.10 

0.90 

0.087 

16 

61  000 

68  300 

67  240 

64  750 

94  44 

90.95 

2o 

12"  X   'J"  PI. 

0.369 

56  100 

74  100 

13.20 

21.10 

04  200 

71  800 

69  230 

66  610 

93.45 

89.90 

0.21 

0.65 

0.091 

26 

64  (iOO 

71  500 

69  010 

06  330 

93.14 

89.63 

3(1 

4"   X  4"    X  ,'„■■   L. 

0.435 

48  200 

82  200 

8.10 

16.10 

80  300 

87  lOiJ 

'.3  460 

68  530 

89.36 

83.39 

0.26 

0.53 

0.115 

36 

»< 

" 

81  000 

87  600 

74  090 

68  840 

90.13 

83.75 

4a 

f/'  X   'A"  PI- 

0.516 

43  400 

70  800 

18.80 

28.90 

70  900 

7b  300 

54  780 

52  040 

77.37 

73.60 

0.18 

0.57 

0.091 

46 

n 

n 

•  ' 

73  000 

80  100 

66  400 

53  240 

79.615 

75.20 

5a 

3;i"   X  3K"  X  K"L 

0.505 

40  300 

76  400 

18.10 

29.60 

75  300 

82  900 

69  340 

66  1110 

77.67 

73.63 

0.13 

0.51 

0.125 

66 

" 

77  000 

84  500 

CO  670 

57  280 

79.41 

74.98 

Ra 

G*/ 

15'  ■   X  H'  PI. 

0.518 

68  000 

79  900 

10.30 

fin  2"   =  7.501 
•■  3'   =  6.67 

10.30 

84  900 
81  000 

94  700 

95  000 

65  210 
62  220 

62  570 
62  770 

81.61 

77.87 

78.31 
78.57 

0.17 

0.41 

0.145 

7 

4-  ■    X  ?„  "  Pl. 

0.390 

125  800 

J  '■  4"    =  6.25  [ 

"  5"    =  6.00 
[■•   6'    =  7.60J 

4.41 

87  000 

98  000 

88  760 

86  020 

70  60 

68.37 

0.71 

0.14 

0.079 

TABLE  El. 
Weak  and  Rotten  Steel. 


1 

» 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

13 

16 

17 

18 

19 

i 

^ 

lieniarks  on  Quality. 

Description 
cut  from— 

Thickness 

of 
Specimen. 

Tensile  Test. 

Punching  Test. 

Results  Obtained  by  Calculation. 

Analyses. 

s 
a 

a 

8 

Elastic 

limit  per 

square  inch. 

Ultimate 
strength  per 
square  inch. 

Elongation  in 
Percent. 

Reduction  of 

area. 

Percent. 

Pressure  ap- 
plied in 
pounds  to 
punch  with 
|-ln.  punch. 

Pressure  ap- 
plied in 
pounds  to 
punch  with 
|-in.  punch. 

P 

cx( 
with  |-in.  di- 
ameter punch. 

P 

with  l-in.  di- 
ameter punch. 

p 

Percent,   of  — - 

Cil 

with  S-in.  di- 
ameter punch  to 
ultimate  btrength. 

P 

Percent,  of 

ex  ( 
with  5-in.  di- 
ameter punch  to 
ultimate  strength. 

Carbon. 
Per 

cent. 

Man- 
ganese, 
Per 
cent. 

Phos- 
phorus. 
Per 
ceut. 

Sulphur. 
Percent. 

Silicon. 
Per 
cent. 

la.  ... 
16.... 

ad.',." 

3a  . .  . 

at.... 

4a..  . 
46  ... 
6a..  . 
56.... 
fia..  . 
6b.... 
7a..  . 

Poorly  made— rotten, 

Budly  burned. 

Poorly  made. 

Weak  steel. 

Not  Bufflciently  woivked. 

Burned. 

2x3x,VL. 
3x3x  j'L. 
3  X  3  X  g-  L. 

16  X  j'j"  PI. 

20.x  J"  PI. 

10  X  J"  PI, 

i2x;"Pi. 

7  X  }5"  PI. 

0.313'  • 
0.390'  ■ 
0  379'  ' 
0.145-  • 
0.523' ' 
0.770' ' 
0  900'  ■ 
0.810'  ' 

30  100 

36  400 
32  600 
30  900 
32  200 

37  400 
39  800 

47  800 
61  000 

48  900 
18  300 
IG  000 
o8  800 
61  300 

19.80 
8.60 
17.50 
16.30 
18.90 
15.25 
17.10 

38,50 
12,20 
33.10 
3120 
31.90 
36.50 
28  20 

30  100 
29  700 
37  400 
36  700 
39  900 
10  300 
15  500 
41  900 
50  800 

60  200 
62  000 

61  000 

34  400 
33  600 
12  000 
12  600 
11  700 
45  500 
50  200 
60  000 
66  400 
56  100 
72  000 
71  000 
71  000 
75  000 

38  270 

37  760 

38  160 

37  140 

11  890 

12  310 
10  680 
10  110 

38  650 
38  190 

32  010 

33  080 

37  615 
36  610 

36  860 

37  300 
41  650 
12  400 

38  610 
38  160 
36  920 
36  7'20 
32  010 
31  570 
28  150 
28  530 

80.08 
79  00 
62  56 
61.31 
85.68 
86.62 
81,22 
8311 
8102 
83.02 
61,49 
56  26 

78  49 
76.05 
60,45 
61.11 
85.18 
86.70 

79  91 
79.60 
80.26 
79,83 
54.13 
63.69 
13.78 
11.37 

0.12 
0.10 
O.U 
0.087 
0.067 
0.16 
0.19 

0.31 

O.U 

0,377 

0,229 

0.12 

0.29 

0.31 

0.093 
0.072 
0.101 
0.011 
0,065 
0.055 
0,063 

0.078 
0.035 
0.071 
0.065 
0.032 
0.012 
0.033 

0.091 
0.001 
0.087 
0.022 
0.037 
0.008 
0.010 

'"96  606"'" 

""li'2i6   "" 



TABLE   E2. 
Tests  of  Bukned  Steel. 


1 

a 

3 

4 

5 

6 

r 

H 

9 

10 

11 

lis 

13 

14 

15 

16 

17 

ViBiANCE  IN  Pressure  With  Burned  Steel  From  That 

Description 

Thickness  of 

Being  Burned. 

OP  the  Same  Steel  in 

the  Normal  State. 

Specimen 

1 
Pressure  per 

Pressure  pel 

Percent. 
P 

Percent. 
P 

Pressure 

Xumber. 

cut  from— 

Actual  pres 

Actual  pres-    sq^a™  *°«b 
sure.     j-in.     i->n    Pooch 
punch      j             " 

inch.  Jin. 

punch 

P 

burned  specimen 

Actual  pressure 

Actual  pressure     Per  square 
in  pounds.     Jin.  i°<=h-       ->"• 

square  inch. 

Percent. 

Pounds 

Percent. 

in    pounds.    J-in 

Pounds  variance. 

with  J-in. 

variance 

variance. 

punch 

to  ultimate 

to  ultimate 

punch. 

punch.                Pi°<=h- 

s     .1^       • 

Jin.  punch. 

punch  of 

with  J-in. 

Jin.  punch  ot 

strength. 

strength.     J-ln. 

P. 

P.                         f^ 

U. 

punch. 

V. 

ex  t 

^-in.  punch 

punch. 

ex  t 

,  la  

6i"  X  A-  PI. 

21  600 

25  200       ;         40  450         |       46  610 

70.68 

70.92 

0.105 

12  300 

11  000 

46  610 

35  860 

+    160 

70.92 

-10  750 

64.56 

^\b  

3"s3"xJ"L. 

28  300 

"           j              «               ]           ti 

74.64 

72.14 

0.145 

11  500 
16  900 

ifsoo 

43  580 
46  070 

-2  870 
+  2  900 

66.30 
74.80 

-  8  300 

.1* 

31  800               45  970 

50  320 

42  020 

68.23 

MS 

'• 

32  200               45  970 

50  320 

•* 

73.04 

t( 

16  800 

16  000 

45  79U 

37  770 

-      180 

74.34 

—12  660 

61.33 

3J<» 

3"  X  3"  X  ,»5"  L. 

41  500                47  600 

45  830 

77.90 

75.16 

0.210 

24  COO 

27  200 

45  470 

44  320 

-2  030 

74.58 

—  1510 

72.70 

^b 

36  800 

41  600               47  240 

45  830 

77.48 

•' 

23  900 

27  900 

45  280 

46  470 

—  1  960 

74.28 

—     360 

74.5a 

4!? 

43  880 

85.32 

" 

0.270 

32  800 

37  000 

48  340 

46  900 

—  1470 

82.82 

+  3  020 

80.35 

'»!> 

U  000 

18  9uO               47  960 

45  850 

82.16 

78.64 

33  700 

36  600 

49  660 

46  270 

+  1700 

85.08 

-1-      420 

79.27 

s!? 

46  410 

76.55 

74.08 

0.365 

42  100 

46  100 

46  880 

43  280 

—  1440 

74.09 

—  3130 

69.91 

°l6 

47  730 

46  490 

77.10 

78.09 

41  100 

44  700 

44  800 

41  970 

-2  930 

72.36 

—  4  520 

67.79 

61? 

20"  X  1"  PI. 

60  300 

C«  900 

47  980 

45  700 

77.27 

73.88 

0.430 

51  600 

68  000 

47  640 

46  180 

—     340 

76.  S6 

+      440 

74.50 

45  240 

76.26 

72.99 

50  000 

55  700 

46  250 

44  340 

-1020 

74.61 

—      900 

71.53 

r  jtt 

6"  X  6"  X  /s"  L. 

79  000 

48  020 

46  620 

76.98 

74.74 

0.480 

58  800 

68  400 

48  750 

48  780 

+     730 

78.15 

+  2  160 

78.20 

46  210 

75.89 

74.08 

55  000 

64  300 

46  600 

45  860 

-  1  740 

73.10 

—      350 

73.51 

M:  :::::; 

71  400 

43  340 

43  640 

68.48 

68.95 

0.475 

52  000 

60  400 

43  560 

43  520 

+     210 

68.81 

-      120 

68.76 

43  710 

69.60 

69.06 

.=53  200 

67  400 

44  550 

41  350 

+     600 

70.39 

—  2  360 

65.3a 

of? 

49  070 

47  520 

78.66 

76.18 

0.525 

63  000 

70  700 

47  760 

46  090 

-  1310 

76.56 

-  1430 

73.81 

....      r-        ,,..          ' 

47  460 

78.98 

76.10 

62  200 

70  100 

47  160 

45  100 

—  2  110 

75.60 

—  1760 

73.26 

loj? 

47  570 

8.J.5S 

77.89 

0.600 

74  100 

84  100 

49  140 

47  970 

-  1930 

80.43 

+      400 

78.52 

0"  X  6-  I's"  L. 

47  870 

83.20 

78.34 

71  100 

83  100 

47  150 

47  400 

-3  680 

77.16 

—      470 

77. 5» 

uj^ 

48  100 

47  110 

18.97 

77.34 

0.460 

64  500 

67  700 

47  140 

50  370 

-     960 

77.39 

+  3  260 

82.711 

!■■  X  i-  X  i"  L. 

46  930 

77.32 

77.06 

66  700 

63  600 

40  050 

47  250 

-f  1960 

80.. W 

+      320 

77.57 

12   5 

45  010 

45  930 

74.82 

76.34 

0.685 

70  200 

83  800 

40  770 

41  880 

—  4  240 

67.77 

-  4  050 

69.62 

(c  

15  650 

'1.46 

75.88 

70  000 
68  100 
79  600 

80  100 

40  650 
39  550 
46  930 

40  13(1 

—  6  400 

67.57 

-  5  620 

66  54 

13   6  

83  000 
85  000 

92  000 

43  740 

41  670 

74.44 

69.00 

0.676 

89  200 

45  240 

+  2190 

77.72 

+  3  570 

74.91 

I :::.:: 

lO'  X  ir  PI. 
24"  X  r  PI. 

44  000 

44  840 

72.24 

74.25 

0.735 
0.810 

70  100 
73  900 
80  900 
78  000 
91  300 

88  400 

oi'ibb  

88  200 
104  000 
99  100 

41  330 
43  670 

43  800 

42  230 

44  840 

44  820 

-3  470 

68.44 
72.15 

—  10 

+  2  090 

—  980 

—  2  460 

74.2a 

"12:::::: 

88  100 
101  000 

97  500 
100  400 
114  000 
107  000 

43  980 
42  920 
45  640 

40  850 
42  060 
44  340 

41  630 

42  940 
41  080 

43  960 
41  880 

—  180 

—  690 

—  800 

15   i>  '.'.'.'.'.'. 

78.86 

76.62 
71.94 

77.48 

79.42 
72.37 

"1? ■• 

•.•■xC-xH-L. 

117  000 

110  000 

120  000 
120  000 
119  000 

49  630 

46  600 

43  800 

44  760 

79.92 
76.14 

io.si 

0.720 
0.840 

ss'ioo 

95  100 

99  300 

96  600 

"is'eio  " 

44  800 
■17  200 

45  860 

-"oeo 

■■78;37'"'" 

4  3  400 
-f  2  060 

76.00 
73.84 

1 1 

93  000 

44  650 

TABLE  F. 
Steel  Oveb  |-In.  Thickness. 


1 

a 

3 

4 

5 

0 

7 

8 

9 

10 

11 

Iti 

13 

11 

15 

16 

Description 
cat  from  — 

Thickness 

of 
specimen. 

Tensile  Test. 

Pdnching   Test. 

Results  Obtained  by  Calculation, 

Analyses. 

Specimen 
Number. 

Elastic 
limit    per 
square  inch. 

Ultimate 

strength 

per  square 

inch. 

Elongation 
in  Sins. 
Percent. 

Eeduction 
of  area. 
Percent. 

Pressure  applied 

in  pounds  to 

punch  with  f-in. 

punch. 

Pressure  applied 

in  pounds  to 

punch  with  J-iD. 

punch. 

r 

with  3-in.  di- 
ameter punch. 

P 

CTLt 

With  i-in.  di. 
ameter  punch. 

Percent,     of 
P 
cx< 
with  a-in.  di- 
ameter punch 
to  ultimate 
strength. 

Per  cent,    of 

P 

ex  t 

with  J-in.   di. 

ameter  punch 

to  ultimate 

strength. 

Carbon. 
Percent. 

Manganese. 
Percent. 

Phos- 
phorus. 
Percent. 

1 

2 

3 

4 

5 

C 

7 

8 

9 

10 

11 

12 

n 

4  X  4  X  i-r  L. 

12  X  J  J"  PI. 
lOxi'Pl. 

10  X  Jg' PI. 

24  X  ;■•  PI. 
2U  X  1"  PI. 

6  X  ;-■■  bar. 

exGxjrL. 

21  X  1"  PI. 
8  X  1"  bar. 

0.690  ■ 
0.683" 
0.688  • 
0.765' ■ 
0.764' 
0.817" 
0.820  " 
0.870" 
0.878" 
0.882" 
0.910  " 
0.920" 
1.010" 
1.008" 

40  000             61  300 
42  600               64  600 

41  300              62  500 
37  100       1       58  200 
36  300       1       56 100 

39  300       1       59  800 

40  700       1       64  600 

39  500              00  400 

42  000              61  600 
44  000              65  900 

40  100              62  200 
35  300              64  500 
39  200              59  300 

24.25 
23.75 
25.30 
25. 7U 
27.10 
29.25 
24.80 
25.80 
24.90 
23.25 
23.00 
■25.10 
9.4 .  fin 

48.50 
45.80 
51.70 
53.30 
57.25 
69.30 
50.70 
57.75 
49.50 
45.80 
44.60 
47.70 
48.80 
49.90 

80  100 
84  200 
81300 
82  100- 
80  400 
90  300 
92  100 
101  000 

98  300 

99  900 
97  600 
97  100 

89  100 
94  000 
92  100 
92  300 
88  700 
97  500 
101  400 
114  000 
107  200 
106  500 
106  700 
104  200 
121  000 
120  400 

46  200 
49  060 

47  030 
43  260 
41860 

43  960 

44  690 
46  180 

44  540 

45  060 
42  630 
41960 

44  200 
48  960 

45  820 
41860 

39  710 

40  860 
41900 
44  820 

41  800 
41830 

39  750 
38  770 
41  000 

40  880 

75.38 
75.70 
75.25 
74.32 
74.62 
73.51 
69.29 
76.46 
72.30 
68.45 
68.66 
77.00 

72.12 
75.56 
73.30 
71.90 
70.78 
68.32 
64.96 
74.19 
67.86 
62.73 
63.91 
71.14 
69.14 
66.62 

0.15 
0.17 
0.24 
0.13 
0.20 
0.13 
0.13 
0.25 
0.14 
0.15 
0.12 
0.12 
0.11 
0.22 

0.35 
0.42 
0.41 
0.68 
0.39 
0.63 
0.51 
0.61 
0.49 
0.44 
0.57 
0.34 
0.68 
0.47 

0.075 
0.072 
0.011 
0.060 
0.007 
0.077 
0.073 
0.009 
0.035 
0.085 
0.094 
0.043 
0.092 

37  500               62  400       '         25. in 

0.018 

TABLE   G. 
Action  of  Speed   of  Punching  in   Modifying  the  Kestilts. 


1 

3 

3 

4 

5 

6 

7 

8 

9 

10 

11 

la 

13 

14 

15 

IG 

ir 

18 

1 

Remarks 

Description 
cut  from — 

Thickness 

PuKCHiKG  Tests — |.In.  Diameter  Punch. 

Punching  Tests— J-In.  Diameter  Punch. 

% 

Pressure  ap- 

Pressure ap- 

Pressure ap- 

Pressure ap' 

Pressure  ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

Pressure ap- 

p 

on 

of 

plied     in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied      in 

plied     ia 

3 

quality. 

specimen. 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

pounds  to 

.5 

puncli    in 

puncli  in 

puncli   in 

punch   in 

punch   in 

punch    in 

punch  in 

punch  in 

punch   in 

punch  in 

punch  in 

punch  in 

punch    in 

punch  in 

1 

10    sec- 

30   sec- 

60    sec- 

2    min. 

3     min- 

6   m  i  n  - 

10  m  i  n- 

10    sec- 

30    sec- 

60    sec- 

2    m  i  n  - 

5    m  i  n  - 

onds. 

onds. 

onds. 

utes. 

utes. 

utes. 

utes. 

unds. 

onds. 

onds. 

utes. 

utes. 

utes. 

utes. 

1 

Good  steel 

.     5  X  35  X  J  ■'  L. 

0.423" 

47  700 

47  900 

48  000 

48100 

48  000 

48  100 

48100 

52  400 

52  600 

52  800 

52  800 

52  900 

62  900 

52  800 

2 

10xi"Pl. 

0.366" 

41  000 

41100 

41200 

41200 

41200 

41 100 

41  400 

46  700 

46  800 

46  700 

46  800 

46  900 

47  000 

46  800 

Sard  steel. 

0.367" 

51800 

51800 

52  000 

52  100 

52  000 

62  100 

52  100 

68  400 

68  100 

58  200 

68  300 

08  400 

68  500 

58  600 

4 

Good  steel . 

0.362" 

46  300 

47  100 

47  200 

47  200 

47  100 

47  700 

47  500 

53  300 

63  900 

63  800 

53  600 

63  900 

64  000 

63  600 

6 , 

•      3x3x3"  L. 

0.406  ■ 

46  800 

47  600 

40  900 

47  000 

47  400 

47  600 

47  200 

64  200 

54  100 

64  300 

64  400 

54  400 

64  400 

54  509 

•      6x3x3"L. 

0.370" 

45  300 

45  400 

45  500 

45  700 

46  700 

46  700 

46  700 

52  100 

52  300 

62  300 

62  600 

62  COO 

62  500 

62  6110 

■      *x4xl"L. 

0.366" 

43  000 

43  400 

43  500 

43  400 

43  600 

43  500 

43  500 

50  200 

5O10O 

60  200 

60  400 

60  600 

60  300 

50  400 

8 

Hard  steel. 

1.5  X  i"  PI. 

0.256" 

36  300 

3li  300 

36  400 

86  800 

36  400 

36  600 

36  600 

39  700 

39  900 

39  900 

40  100 

40  200 

40100 

40  100 

Good  steel. 

16  X  i"  PI. 

0.605" 

56  000 

66  100 

56  400 

56  600 

56  200 

66  300 

66  400 

64  200 

64  300 

64  300 

64  400 

64  600 

64  600 

64  500 

•      5x5x|'L. 

0.610" 

74  000 

74  300 

74  800 

75  000 

76  200 

75  600 

75  600 

83  200 

83  300 

83  900 

83  800 

84  000 

84  100 

84  000 

•     6x6xiJ"L. 

0.680" 

85  500 

85  600 

85  900 

86  000 

86  200 

86  400 

86  BOO 

90  300 

90  700 

91  200 

91900 

917C0 

91  800 

91700 

.      4x4xrL. 

0.770" 

82  0U0 

82  800 

83  600 

83  700 

83  800 

83  800 

83  700 

96  700 

96  800 

97  000 

97100 

97  300 

97  200 

97  300 

T.tBLE  H. 
Vamations  Due  to  Location  of  Punched  Hoi<e8  and  Thetr  Envibonment. 


= 

1 

■J 

* 

9a                  5I> 

o„        1        0. 

,a 

76 

Bo.                 Si. 

9a 

91, 

lOa 

106 

11a               lll> 

Via 

136 

13a 

13d 

11a 

1,„ 

15b 

16a 

IGI. 

ITa 

176 

i 

1 

i          ICfiinarks 
a          Quallt;. 

Donorlptlon 
cut  from— 

TUckncsa 
Speclmeu. 

PreBsnre 
pounds  t 
wL086  ce 
from  edg 

punch  hole 
of  plate. 

Preaaure      applied      in 
pounds  to  punch  hole 

from  edye  of  plate. 

Preasure 
pounds  to 

from  edge 

applied      in 

of  plat*. 

Preaaure      applied      in 
pounds  to  punch  hole 

from   rolled  edge  and 
punched  hole. 

pounds  to 

from   roll 
plate. 

ipplied       in 
d   edge     of 

Preasuro       applied      in 
pounda  to  punch  hole 

from  sheared  edge  ol 
plate. 

Preaaure       applied       in 
pounds  to  punch  bole 

from    rolled    edge   ol 
plate. 

Pressnre      applied      in 
pounds  to  punch  hole 
whose  center  la   \  in. 
from  rolled  edge. 

Pressure 
pounds  to 

from  rolls 

applied      in 
punch  hole 

iedge. 

Pressure      applied      in 
pounds  to  punch  hole 
whose   center  is  ?8  in. 
from  sheared  edge. 

Pressure      applied      In 
pounda  to  punch  hole 

from  rolled  edge. 

Pressure      applied       in 
pounde  to  p-inch  hole 

from  sheared  edge. 

Preasurfl 
frompUi 

applied      in 
punch  hole 
nter  is  a  in. 
ed  edge. 

J"  Puaeh. 

I"  Punell. 

J"  Punch. 

I"  Punch. 

J"  Punch. 

J"  Punch. 

I"  Punch. 

I-  Punch. 

>"  Punch. 

1"  Punch. 

3"  Punch. 

I'  Punch. 

J"  Punch. 

g"  Punch. 

i"  Punch. 

1"  Punch 

{■■  Punch. 

J"  Punch. 

.'"  Punch. 

J"  Punch. 

;-  Punch. 

i-  Punch 

l"  Punch. 

r  Punch. 

J"  Punch 

j"  Punch. 

. 

. .     Hani  BiGol. 
Uood  steel. 

. .     UurDod  8toeI. 
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Emery  testing  macliiiie,  and  tlie  remarkable  uniformity  of  the  results 
is  shown  in  Table  G.  In  a  general  way,  the  pressure  applied  rapidly, 
as  in  10  seconds,  gives  slightly  lower  results  than  when  the  same  con- 
ditions are  varied  only  by  the  time  being  considerably  longer  in 
applying  the  pressure  upon  the  punch.  The  entire  diflference,  how- 
ever, is  very  slight,  comparatively,  and  will  not  be  a  cause  of  error  in 
this  method  of  testing  steel  by  any  ordinary  variances  due  to  speed. 

Ten  seconds  is  about  as  short  a  time  as  it  has  been  found  practica- 
ble to  make  a  punching  and  record  its  results  with  the  apparatus  at  tho 
writer's  command. 

APPENDIX  H. 

Vabiations  IK  PowEB  Bequtred  in   Punchtng  Due  to  Location  of 
Punched  HoiiEs  and  their  Envtbonment. 

Both  f  and  ^-in.  holes  were  punched  in  varying  locations  in  steel 
specimens.  The  results  are  given  in  Table  H,  which  is  self-explan- 
atory. 

Holes  punched  near  the  sheared  edge  require  from  10  to  20^^  less 
work  than  those  punched  nearer  the  center  of  the  plate  or  angle,  the 
loss  being  greater  with  hard  steel  than  with  soft.  Slight  differences  in 
location  of  the  center  of  the  punch  do  not  seem  to  make  great  differ- 
ences, not  over  at  most  1  000  lbs.  or  so,  in  the  results. 

As  a  rule,  plates  tested  by  this  method  show  slightly  higher  shearing 
strength  than  angles  or  other  shapes  of  the  same  steel.  The  writer's 
experience  is  that  both  the  tensile  and  the  shearing  strength  of  uni- 
versal mill-plates  increases  by  from  5  to  in  some  cases  10^^,  as  the 
test  specimens  are  selected  towards  the  center  of  the  plates,  from  the 
results  obtained  in  test  specimens  selected  near  the  edge  of  the  plate. 
This  fact  is  made  use  of  at  the  mills  in  the  selection  of  tensile  test 
specimens  to  fill  varying  requirements. 
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By  Geobge  C.  Mehktens,  Eegierungs-  und  Bauratli,  Member  of  Royal 
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Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


The  importance  of  mild  steel  as  material  for  use  in  engineering 
structures,  and  its  probable  adoption  in  the  construction  of  bridges, 
was  noted  by  the  author  in  an  article  published  in  1882.  *  The  distrust 
in  such  use  will  surely  disappear  more  rapidly  than  did  the  prejudice 
against  puddled  and  rolled  iron  as  opposed  to  that  fined  in  the  hearth 
and  forged  under  the  hammer. 

More  than  10  years  have  passed  since,  and  in  consequence  of  the 
general  adoption  of  the  inventions  of  Martin  and  Thomas,  there  has 
been  an  enormous  increase  in  the  production  and  use  of  low  steel;  and 

*  Notice  respecting  fabrication  of  iron  and  iron  bridges,  "  Deutsche  Bauzeitung,"  1882. 
Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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in  the  choice  of  material  for  important  structures,  wrought  iron  and 
mild  steel  are  now  considered  equivalent,  although  a  few  prefer  the 
former,  and  that  mostly  from  ignorance. 

In  face  of  the  numerous  engineering  structures  now  existing  which 
have  been  built  of  mild  steel,  there  cannot  be  any  well-founded  objec- 
tion to  its  use.  There  are,  however,  in  this  much-debated  field  many 
questions  yet  awaiting  solution,  and  he  who  will  conscientiously  decide 
them  has  much  labor  before  him.  To  aid  those  who  are  still  unde- 
cided, those  who  favor  the  use  of  mild  steel  should  agree  and  do  their 
part  in  spreading  a  knowledge  of  its  qualities  and  advantages.  The 
author  has  been  for  many  years  such  an  advocate  and  takes  pleasure 
in  embracing  this  opportunity  to  make  his  opinions  known. 

Mild  steel  up  to  the  year  1860  had  not  been  used  for  engineering 
structures,  neither  had  the  Bessemer  process  come  into  general  use 
before  that  time — the  only  materials  available  were  weld  steel  and  cast 
steel.* 

Cast  steel  is  often  called  ingot  steel  [fluss-sUihl)  but  this  is  not  cor- 
rect. The  term  ingot  steel  to-day  includes  generally  only  those  kinds 
produced  directly  by  a  single  melt  from  the  raw  materials.  Cast  steel 
is  made  by  several  meltings  from  the  ingot  metal,  and,  therefore,  does 
not  belong  to  them.  The  beginning  of  the  use  of  ingot  steel  for  struct- 
ures was  contemporaneous  with  the  development  of  the  Bessemer 
process,  and  one  of  its  first  applications  was  to  the  building  of  mer- 
chant ships  in  England.  The  first  of  these  was  the  Jason,  an  English 
ship  of  452  tons  burden  and  destined  to  ply  in  the  Black  Sea.  Five 
channel  steamers  of  the  London,  Chatham  and  Dover  Kailway  were 
built  in  1860  and  1861.  The  next  step  was  the  use  of  Bessemer  steel  in 
building  boilers  in  men-of-war  and  railway  locomotives  in  France  and 
America  in  1861  to  1864;  also,  in  England  the  manufacture  from  the 
same  material  in  1865  of  driving  shafts  for  marine  engines.  It  was  used 
in  bridges  of  the  Dutch  State  railways  in  1863-64.  Owing  to  the 
irregular  quality  and  occasional  brittleness  of  Bessemer  steel,  adoption 

*  It  is  worthy  of  note  that  the  first  adoption  of  weld  steel  in  bridge -building  (1818)  was 
by  Mitis  for  the  Charles  chain  bridge  oyer  the  Danube  canal  at  Vienna.  The  steel  used  for 
railways,  war  material,  and  especially  for  rails,  tires,  axles,  guns,  etc.,  was  crucible  cast  steel« 
At  the  Exposition  in  London,  in  the  year  1851,  the  far-famed  Krupp  works  at  Essen  made  the 
first  exhibition  of  heavy  cast-steel  ingots  and  barrels  of  heavy  guns;  at  that  Exposition  also 
was  to  be  seen  German  puddled  steel  of  the  work  of  Lohage,  at  Haspe,  in  Westphalia.  At  the 
Paris  Exposition,  in  1855,  was  exhibited  the  first  cast-steel  boiler  from  the  French  works  of 
Petin,  Oaudet  &  Co. 
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of  it  for  sMp-building  made  slow  progress,  as  these  made  its  manipula- 
tion very  difficult. 

The  extensive  steel  works  of  Terre  Noire,  in  France,  prominent  in 
this  department  of  metallurgy,  made  every  eflfort  to  produce  a  mild 
ingot  steel.  In  the  years  1868  and  1869  the  Transatlantic  Company  sup- 
plied a  mild  ingot  steel,  64  000  to  71  000  lbs.  tenacity  per  square  inch 
(45  to  50  kg.  per  square  millimeter),  and  18  to  26%  elongation  on  a 
testing  piece  4  ins.  long.  The  authorities  of  the  French  railways 
decided  that  the  material  was  not  suitable  for  locomotive  boilers  and 
preferred  an  ingot  steel  of  at  least  78  000  lbs.  tenacity  per  square  inch 
(55  kg.  per  square  millimeter).  Plates  of  68  000  to  75  000  lbs.  per 
square  inch  (48  to  53  kg.  -pev  square  millimeter),  with  20  to  24^ 
elongation,  were  often  refused  as  being  unsuitable. 

In  1870  the  Terre  Noire  works  offered  to  the  French  navy  to  sup- 
ply plates  and  angles  of  soft  Bessemer  steel  to  take  the  place  of 
wrought-iron  plates  and  angles;  they  had  then  succeeded,  by  the  plen- 
tiful use  of  ferro-manganese,  in  producing  satisfactory  plates.  The 
Navy  Department  at  first  refused  to  accept  such  plates,  but  finally 
allowed  their  use  in  ship-building.  In  1874  the  first  French  man-of- 
war  named  the  Redoutable  was  built  of  mild  steel.  She  was  a  first- 
class  armor-plated  frigate  302  ft.  long  and  64  ft.  beam.  These  works, 
and  those  of  Creuzot,  together,  furnished  the  plates  and  bars,  which 
were  manufactured  partly  by  the  Bessemer  process  and  partly  by  the 
Martin  open-hearth  process.  The  requirements  were  a  tenacity  be- 
tween 64  000  to  68  000  lbs.  (45  to  48  kg.  per  square  millimeter),  and  of 
18  to  22^  elongation.  The  successftil  use  of  mild  steel  for  ships  by 
the  French  decided  their  engineers  upon  building  marine  boilers  of  the 
same  material,  with  the  exception  of  the  fire-plates,  and  had  a  great 
influence  on  the  adoption  of  the  material  by  English  engineers  for  ships 
and  boilers.* 

The  Pennsylvania  Eailroad  Company  first  introduced  Bessemer 
steel  in  America  in  locomotive  boilers  in  the  year  1863,  but  the  steel 
was  too  hard  and  brittle  for  such  use,  and  this  road  was  deterred  from 
making  further  experiments  in  that  direction. 


•  In  the  beginning  of  1878  Mr.  Parker,  Chief  Engineer  of  Lloyd's,  stated  that  there  was 
then  but  one  English  steamer  in  poeseBsion  of  a  steel  boiler;  a  year  later  there  were  120, 
and  in  1881  about  1  100  steel  boilers  weighing  1  700  tons  total.  In  1878  there  were  but  five 
Urge  English  steamers  built  of  steel,  while  in  1883  there  were  116  building. 


MEHKTENS  ON  THE  USE  OF  MILD  STEEL.  207 

As  tlie  material  came  more  largely  into  use,  complaints  against  the 
irregularity  of  the  material  became  more  frequent,  the  principal 
difficulty  being  its  hardness  as  well  as  its  irregularity;  and  not  only 
that,  but  those  using  the  metal  had  not  yet  learned  its  proper  treat- 
ment, and  the  plates  were  too  thin.  The  first  plates  made  for  steel 
boilers  had  a  tenacity  of  85  000  to  92  000  lbs.  (60  to  65  kg.),  and  an 
elongation  of  but  7  to  10^;  and  it  was  supposed  that  with  this  much 
greater  strength  it  would  be  possible  to  materially  diminish  the  thick- 
ness of  the  plates  below  those  made  of  wrought  iron.  Soon  after  the 
World's  Exposition  in  1855,  where  the  first  cast-steel  boiler  appeared, 
the  French  authorities  allowed  the  makers  to  diminish  the  thickness 
of  the  plates  one-third  from  that  which  had  been  required  in  wrought 
iron  since  the  year  1843.  In  1861  the  reduction  in  thickness  for  steel 
having  a  tenacity  of  85  000  lbs.  (60  kg.)  and  6.6%  elongation  was  one- 
half  from  that  of  wrought  iron;  but  the  results  were  not  favorable,  and 
the  steel  works  were  soon  forced  to  offer  a  material  of  less  tenacity  and 
more  ductility.  The  requirements  were  therefore  reduced  to  a  tenac- 
ity of  78  000  lbs.  (55  kg.)  or  less,  and  the  elongation  was  increased  to 
15/^  or  more.  Even  with  this,  between  the  years  1870  and  1880,  many 
exi)losions^ occurred  and  many  careful  examinations  were  made  to  de- 
termine their  cause.  It  was  found  on  examining  the  rivet  holes  that 
there  were[incipient  changes  in  the  metal,  many  cracks  around  them, 
and  points  near  them^were  corroded  with  rust,  all  caused  by  the  shock 
of  tools  in  manufacturing.  It  was  evident  that  the  material  was  unsuit- 
able, and  that  the  treatment  must  be  changed.  The  use  of  Bessemer 
steel  in  bridge-building  was  very  early  tried,  as  was  previously  men- 
tioned. First  on[the  Dutch  [State  railways  in  1863-64,  then  in  Eng- 
land and  Austria.  Following  the  use  of  steel  in  the  bridges  of  the 
Dutch  railways,  in  1874  a  bridge  was  built  of  Bessemer  steel,  crossing 
over  the  railway  [at  the  station  of  Pesth,  by  H.  Schmidt,  engineer. 
Several  superstructures  of  bridges  on  the  branch  line  of  Ebersdorf- 
"Wiirbenthal,  have  been  built  since  1881. 

The  first  use  of  cast  steel  for  bridges  was  in  America,  for  the  St. 
Louis  Arch  Bridge  and  for  the  wire  of  the  East  Eiver  Bridge.  These 
gave  an  impetus  to  the  use  of  ingot  metal,  and  before  1880  the  Glasgow 
and  Plattsmouth  bridges  over  the  Missouri  Kiver  were  also  built  of 
ingot  metal.  For  the  superstructure  for  the  bridge  in  Glasgow,  steel 
eye-bars  were  applied  for  the  first  time.* 

*  TransactioTU  Am.  Soc.  0.  E,,  October,  1892. 
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While  in  the  10  years  succeeding  1860,  Bessemer  metal  was  most 
widely  used,  on  account  of  bad  failures  in  its  use  in  ships,  the  open- 
hearth  metal  came  slowly  to  be  preferred  by  engineers.  From  1870  to 
1880,  experiments  were  made  in  Europe  in  building  bridges  and  other 
structures  of  Martin  open-hearth  metal;  these  were  induced  doubtless 
by  the  unsatisfactory  results  of  the  introduction  of  Bessemer  metal  in 
the  large  span  bridges  of  the  Dutch  State  railways.  The  invention  of 
Thomas  in  1878,  and  its  use  with  the  Martin  furnace  in  1882,  removed 
the  distrust  and  prejudice  then  existing. 

Since  1880  the  introduction  of  mild  steel  in  all  kinds  of  engineering 
structures  has  steadily  increased. 

Table  No.  1  gives  a  connected  statement  of  the  most  remarkable 
mild-steel  bridges  built  in  Europe  in  1880  to  1890.  This  excludes 
those  in  acid  Bessemer  metal. 

The  writer  was  unable  to  make  this  complete  for  American  bridges 
because  distinction  is  not  there  usually  made  in  the  description  as  to 
whether  the  steel  employed  was  Bessemer  or  Martin  steel,  and  also 
because  some  of  the  information  sought  for  by  American  bridge  works 
was  not  obtained. 

In  the  table  the  countries  of  Central  Europe  including  France  are 
mostly  represented;  this  is  by  reason  of  the  dominance  in  England  and 
America  of  the  acid  Bessemer  metal  up  to  the  year  1880.  In  the  first 
design  of  the  Forth  Bridge,  1881-82,  this  metal  was  provided,  and  in 
America,  as  stated,  there  were  in  1880  but  two  bridges  of  this  material. 
English  publications  respecting  steel  bridges,  as  also  those  of  America, 
do  not  name  the  kind  of  steel  used,  although  English  steel  works  fur- 
nished several  bridge  superstructures  in  mild  steel  for  foreign 
countries,  among  them  the  well-known  Sukkur  Bridge  for  the  India 
North  West  Bail  way;  the  Chenal  Bridge,  for  the  India  State  Eailway, 
17  spans  of  206  ft.  each.  In  England  also  a  remarkable  railway  swing 
bridge  over  the  Dee,  designed  by  Mr.  Fox,  2  truss  spans  each  120  ft. 
long,  and  a  swing  bridge  having  unequal  arms  of  140  and  86  ft.  each, 
and  727  tons  weight.  The  links  of  the  Hammersmith  Suspension 
Bridge  over  the  Thames  were  of  mild  steel. 

The  use  of  basic  mild  steel  for  bridges  increased  most  rapidly  in 
those  countries  in  Central  Europe  which  first  adopted  it,  especially 
Germany,  Austria  and  France,  while  the  use  of  acid  Martin  metal  pre- 
dominated in  England  and  America.     So  far  as  is  known  the  first  mild- 
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steel  bridges  were  erected  in  tlie  years  1880-82,  at  Konigsberg,  in 
Prussia,  by  City  Engineer  Friihling.  These  were  draw-bridges,  and 
tlie  object  in  using  steel  was  to  lighten  them  as  much  as  possible.  In 
1885,  Harkort,  at  Duisburg,  introduced  Thomas  metal  for  a  large 
bridge  to  be  erected  in  Siimatra.  Basic  Martin  steel  bridges  were 
erected  in  Austria  and  France  in  1886—87,  and  in  1881*  the  great 
Bohemian  works  at  Kladno  in  Austria-Hungary  first  produced  plates 
and  bars  by  the  Thomas  process,  while  the  first  Bohemian  mild-steel 
bridge,  which  was  a  bridge  with  a  single  bowstring  girder  sjsan  158  ft. 
long,  over  the  Elbe  at  Nemcic,  was  still  built  of  acid  Bessemer  metal. 
After  the  year  1887,  the  table  names  several  Bohemian  road-bridges 
built  of  Thomas  and  Martin  mild  steel,  also  railroad  bridges. 

A  committee  of  the  Austrian  Society  of  Engineers  and  Architects 
made  exhaustive  exjjeriments  with  satisfactory  results  on  Martin 
open-hearth  steel,  after  which  it  was  adopted  on  the  Austrian  State 
railways.!  It  was  probably  these  results  which  induced  a  promulga- 
tion of  a  ministerial  order  on  January  29th,  1892,  excluding  Thomas 
mild  steel  entirely  from  use  in  bridges  built  on  these  roads.  Later 
experiments, J  however,  with  both  kinds  of  metal,  by  the  Govern- 
ment at  Prague,  seemed  to  give  equally  good  results  with  each. 

There  are  natural  reasons  why  uj)  to  the  present  time  the  acid  Mar- 
tin metal  has  been  preferred  to  Thomas  metal  for  use  in  structures. 
The  Martin  process  originated  13  years  earlier  than  the  invention  of 
the  dephosphorizing  process  in  the  Bessemer  converter,  and  had  there- 
fore begun  to  be  widely  used,  and  it  was  difficult  for  the  Thomas  metal 
to  make  headway.  If  recently  the  Thomas  metal  has  been  more 
favorably  looked  upon,  it  will  doubtless  be  due  to  the  favorable  results 
of  comparative  tests  made  by  the  Prussian  State  Kailway  Board  in  the 
year  1889,  and  since  that  date,  in  connection  with  the  erection  of  the 
large  Weichsel  bridges  near  Dirschau,  Marienburg  and  Fordon. 
These  results  have  been  j^ublished  in  several  technical  papers. § 

The  Prussian  State  Eailway  Department  intended  to  use  mild  steel 
for  the  superstructures  of  the  new  bridges  at  Dirschau  and  Marien- 
burg; but  it  was  not  thought  desirable,  not  because  of  distrust  of  the 
material,  but  on  account  of  the  possible  delays.     There  was  at  the  time 

*  Tetmayer.    A  contribution  for  the  mild-steel  question,  Schweizer  Bauzeitung,  1892. 
t  "  Allgemeine  Bauzeitung,"  1891,  Part  2. 

t  Published  by  Professor  Steiner  at  Prague.  "  Zeitschrift  dee  Oesterreichischen  Inge- 
meur  und  Architekten  Vereines,"  1892,  Nos.  8  and  10. 

S  "  Stahl  und  Eisen,"  1891,  Nos.  8  and  9.   •'  Oentralblatt  der  Bauverwaltung,"  1891,  p.  895. 
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an  abundant  supply  of  mild  steel  of  proper  quality  available,  but  the 
necessary  testing  and  inspection  of  such  large  quantities  of  material, 
7  000  tons  for  the  Weichsel  Bridge  and  1  500  for  the  Nogat  Bridge, 
could  not  be  completed  in  the  time  stipulated.  For  these  reasons  the 
use  of  low  steel  was  limited  to  some  of  the  highly  strained  members  in 
the  two  bridges,  and  it  was  decided  to  construct  a  smaller  bridge  over 
the  Wallgraben  at  Marienburg  (No.  17,  Table  No.  1)  as  a  preliminary 
test,  using  low  steel  throughout.  Martin  steel  alone  was  jjrovided  for 
in  the  bridge,  because  at  the  time  of  drawing  the  specifications  Thomas 
steel  was  not  thought  sufficiently  reliable,  and  yet  it  was  impossible  to 
resist  the  conclusion  that  Thomas  metal  could  have  been  used  for 
many  purposes  without  scruple. 

The  results  of  the  tests  mentioned  above  were  so  favorable  for  the 
Thomas  metal  that  this  material  was  admitted  on  a  large  scale,  together 
with  Martin  mild  steel,  in  the  construction  of  the  Fordon  Bridge  over 
the  Weichsel. 

Up  to  the  beginning  of  the  present  year  tests  have  been  made  from 
about  1  200  blows  containing  nearly  10  000  tons  of  finished  products. 
These  have  been  most  carefully  made  by  tension,  bending,  and  drop 
tests.  Bending  tests  have  been  made  after  subjecting  the  specimens 
to  a  very  low  temperature.  Results  of  the  tests  are  shown  in  Plates 
I  and  II;  they  represent  700  blows  for  the  Thomas  and  500  for  the 
Martin  steel.  Not  a  single  blow  of  the  Thomas  steel  failed,  but  16 
blows  of  the  Martin  steel  were  not  satisfactory.* 

The  Royal  Board  of  Directors  in  Bromberg,  and  the  writer,  have 
been  in  receipt  of  many  inquiries  from  German  and  foreign  depart- 
ments respecting  these  tests,  and  it  is  evident  that  the  successful  use 
of  basic  steel  in  the  prominent  bridges  over  the  Weichsel  has  given 
great  impetus  to  its  general  adoption  for  bridge  structures. 

Table  No.  2  gives  a  concise  summary  of  the  most  remarkable  mild- 
steel  bridges  erected  during  the  years  1890-93  in  Europe.  Many  small 
bridges  have  been  omitted  from  this  table.  Acid  metal  has  been 
excluded  because  it  is  now  used  but  very  little,  f 

•  "  Stahl  und  Eisen,"  1892,  No.  13,  and  1893,  No.  7.  "  Zeitschrift  des  Vereines  Deutscher 
Ingenieure,"  1892,  Vol.  36,  p.  778.  "  Centralblatt  der  Bauverwaltung,"  1892,  pp.  68,  83 and  285. 
"  L«  Oenie  Olvll,"  1892,  p.  5-11.  "  The  Engineering  and  Mining  Journal,"  1891,  December, 
pp.  678-703. 

•  "Stahl  und  Eisen,"  April,  1893,  p.  275. 

t  In  Switzerland  the  Qothard  Railway  first  adopted  mild  steel  for  several  superstructures 
of  bridge*  in  the  year  1891.    In  the  beginning  of  1892,  the  Northeast  Bailway  followed. 
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This  table  shows  that  basic  Martin  steel  has  been  preferred  for 
bridge-building,  and  the  same  is  true  in  ship-building.  The  first  tests 
made  in  the  years  1883-85  with  Thomas  metal  by  the  English  for  use 
in  ships  were  not  successful,  so  that  Lloyd's  in  December,  1885, 
determined  not  to  admit  it  for  such  use.  Eecently,  by  the  request  of 
Mr.  Percy  G.  Gilchrist,  the  English  Admiralty  have  made  additional 
tests  upon  this  metal,  and  it  was  found  to  weld  better,  to  be  less  dan- 
gerous at  blue  heat  than  the  acid  steel,  and  to  accord  with  the  require- 
ments made  in  English  shiis-building.  In  Germany  it  has  not  been 
largely  used  for  ship-building,  because  the  ship-registering  societies 
seem  to  consider  Martin  metal  preferable.  The  writer's  opinion,  based 
on  comparative  tests  and  the  examples  of  their  use,  given  in  the  table, 
is  that  to-day  there  is  no  longer  reason  to  prefer  one  kind  of  mild  steel 
to  the  other,  and  that  the  selection  should  be  governed  by  price  alone. 
If  this  be  admitted  it  would  seem  that  the  Thomas  metal  would  have 
the  preference,  as  by  it  large  masses  of  metal  can  be  produced,  and 
the  large  amount  of  scrap  which  is  used  with  the  Martin  metal  must 
increase  its  price. 

The  production  in  the  whole  world  in  1892  was  as  follows : 

Of  Thomas  steel 2  591  374  tons. 

Of  basic  Martin  steel  only 611  266     " 

The  distribution  of  manufacture  is  given  in  Table  No.  3. 

This  table  shows  the  important  part  Germany  has  taken  in  the 
production  of  this  metal.  Its  production  has  been  almost  five  times 
that  of  England  and  nearly  eight  times  that  of  France.  There  is  now 
no  country  where  the  milder  metal  is  not  received  with  confidence  as 
being  more  desirable  than  the  harder  ingot  metal  for  use  in  structures. 
Harder  metal  with  a  tenacity  of  64000  lbs.  (45  kg.)  is  more  easily  pro- 
duced by  the  acid  Bessemer  and  the  Martin  process,  while  the  basic 
open-hearth  process  is  the  most  satisfactory  for  producing  the  lowest 
and  more  reliable  metals,  having  a  tenacity  of  48  000  to  56  000  lbs.  (38 
to  45  kg.). 

The  specifications  now  prescribed  by  some  of  the  States  of  Europe 
for  the  delivery  of  mild  steel  are  given  in  Table  No.  4.  There  are  also 
given  some  of  the  earlier  requirements,  particularly  those  for  vessels 
and  boilers,  which  are  still  legal. 

This  table  shows  that  everywhere  in  ship-building  harder  kinds  of 
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metal  than  in  bridge-building  are  still  preferred.  These  requirements 
originated  from  the  early  English  experience  wh^n  only  the  acid  Martin 
open-hearth  process  and  the  acid  Bessemer  process  were  in  operation. 
Moreover,  the  acid  Martin  process  did  not  allow  the  production  of 
softer  metals.  The  later  develojament  of  the  basic  process  furnishes 
a  cheap  and  uniform  quality  of  metal  with  a  mean  tenacity  of  57  000 
lbs.  (40  kg.). 

The  introduction  of  this  soft  steel  in  ship-building  would  be  of 
great  advantage  to  the  dui-ation  and  safety  of  vessels,  and  that  this  is 
not  the  case  seems  to  proceed  from  reluctance  to  the  giving  up  of  old 
customs  and  to  the  widesjaread  error  which  ascribes  to  harder  metal  of 
high  tenacity  a  greater  resistance  than  to  the  softer.  If  this  idea  were 
correct  it  would  be  possible  to  lessen  the  thickness  of  steel  proportion- 
ately and  to  increase  the  profit  in  ship-building  by  diminishing  as 
much  as  possible  the  weight  of  material  required.  The  resisting 
power  of  the  metal  does  not,  however,  depend  entirely  upon  its  tenac- 
ity, but  also  upon  its  toughness,  and  the  combined  effort  can  be 
reached  by  the  product  of  the  tenacity  and  elongation,  which  product 
is  called  the  resilience  of  the  metal.  It  will  be  found  that  the  softer 
kinds  of  metal  always  have  a  resilience  which  is  very  difficult  for 
harder  metal  and  quite  impossible  for  a  very  hard  one. 

It  is  yet  uncertain  whether  steel  will  in  the  future  be  jaroduced  of 
so  high  a  tenacity  as  64  000  to  85  000  lbs.  (45  to  60  kg.)  which  shall  be 
as  ductile  as  that  now  produced  having  a  tenacity  of  57  000  to  64  000 
lbs.  This  possibility  is  not  excluded  at  all  events,  if  the  product  be 
entirely  free  from  the  impurities  of  silicon,  phosphorus  and  sulphur, 
and  if  the  quantity  of  manganese  used  be  kept  low.  The  resultant 
.  product  would  be  a  pure  mild  steel,  showing  in  the  best  manner  the 
influence  of  the  most  important  element,  "  carbon,"  upon  its  quality; 
but,  so  long  as  this  result  has  not  been  reached,  ingot  metal  of  low  ten- 
acity offers  for  engineei-ing  structures  more  security  than  the  harder 
kinds.  Such  steel  stands  better  than  the  harder  kinds  under  the  op- 
erations of  drilling,  punching  and  other  mechanical  operations,  and 
requires  less  care  in  manii^ulation. 

On  account  of  its  uniformity  of  texture,  ingot  steel  has  been  sur- 
named  "homogeneous  iron,"  and  it  is  preferred  to  wrought  iron,  for 
the  reason  that  it  has  high  and  uniform  elongations  in  all  directions, 
while  the  elongation  of  wrought  iron  transversely  to  the  direction  of 
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rolling  is  very  small.  The  yield  point  of  mild  steel  is  one  and  one-half 
times  to  twice  that  of  wrought  iron.  In  a  wrought  iron  bar  consider- 
able elongations  begin  with  a  load  of  23  000  lbs.  per  sqiiare  inch,  but 
in  a  mild  steel  bar  only  when  the  load  is  at  least  34  000  lbs.  per  square 
inch.  Hence,  if  we  fix  the  limit  at  one-half  the  yield  point  we  may  re- 
quire a  work  in  its  use  at  least  one  and  one -half  times  that  of  wrought 
iron,  or,  say,  17  000  lbs. 

On  account  of  the  increase  of  elongation  with  the  diminution  of 
tenacity  of  the  metal,  many  engineers  have  had  the  opinion  that  it  was 
sufficient  in  testing  steel  to  measure  only  the  elongation,  and  they 
have  insisted  upon  the  highest  attainable  elongation  as  being  a  special 
requirement.  This  would  exclude  material  which  was  too  hard,  and 
was,  therefore,  right  in  that  respect;  but  there  was  danger  of  getting 
too  soft  a  metal.  It  was  therefore  necessary  to  prescribe  both  an 
upper  and  a  lower  limit  for  the  tenacity.  Table  No.  4  shows  that  most 
countries  desire  a  steel  for  structures  whose  tenacity  is  between  50  000 
and  64  000  lbs.  France,  however,  somewhat  unaccountably  stipulates 
at  least  60  000  lbs. ,  and  an  elongation  of  at  least  22  per  cent.  The  re- 
quirements made  by  the  Austrians  seem  somewhat  high  in  considera- 
tion of  the  present  state  of  steel  manufacture. 

The  question  of  a  correct  specification  for  the  transverse  elongation 
of  test  pieces  does  not  seem  to  be  at  jiresent  quite  clear.  The  former 
standard  by  which  rolled  steel  was  required  to  have  the  same  elonga- 
tion in  both  directions  does  not  seem  to  be  upheld  by  experience. 
The  subject  has  been  exhaustively  treated  for  the  first  time  by  the 
committee  of  the  societies  of  German  engineers  and  German  steel-work 
managers,  and  is  given  in  their  standard  specification  for  the  use  of 
mild  steel.  By  request  of  the  committee  the  great  German  steel- 
makers have  made  tests  established  upon  universal  bars  and  plates.* 
The  averages  of  these  results  are  given  in  Table  No.  5. 

This  table  shows  that  steel  of  53  000  to  63  000  lbs.  (37  to  44  kg.) 
tenacity  and  20^  elongation  will  not  give  equal  stretch  transversely  and 
longitudinally  without  a  rejection  of  about  27%  of  the  universal  bars 
tested,  and  12%  of  the  jjlates.  If  the  requirements  be  a  tenacity  of 
51  000  to  64  000  lbs.  (36  to  45  kg.),  and  17%  elongation  transversely, 
there  will  yet  be  a  rejection  of  10%  in  universal  bars  and  4%  in  plates. 

*  The  tests  were  made  in  the  Gutehoffnungshutte  at  Sterkrade,  and  the  results  have  been 
published  in  "  Stahl  uudEisen,"  and  in  the  "  Zeitschrift  des  Vereines  Deutscher  Ingenieure." 
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In  the  writer's  opinion  the  ascertaining  of  the  transverse  elongp.tion 
of  mild  steel  has  more  of  scientific  than  of  practical  value,  and  the  re- 
quirement of  a  certain  degree  of  such  elongation  for  various  kinds  of 
iron  makes  the  reception  of  the  material  more  diflScult  without  giving 
an  essentially  better  material.  Aside  from  careful  rolling  we  should 
aim  to  obtain  a  sufficient  ductility  longitudinally,  and  the  lower 
transverse  ductility  caused  by  the  rolling  should  be  considered  as  un- 
avoidable. It  seems  necessary  for  plates  strained  in  this  direction, 
especially  joining  plates,  to  take  care  that  the  ductility  be  as  uniform 
as  possible  in  every  direction,  and  this  requirement  can  be  easily 
reached  by  suitable  transverse  rolling.  Some  authorities  have  pro- 
posed to  specify  a  certain  minimum  transverse  elongation  and  to  neg- 
lect testing  lengthwise;  but  this  does  not  seem  wise,  and  it  seems 
sufficient  to  provide  for  a  testing  of  the  transverse  ductility  only  in 
plates  which  will  be  strained  in  a  transverse  direction. 

Table  No.  4  shows  that  for  rivets  steel  is  demanded  of  less  tenacity 
and  more  elongation  than  that  for  i)lates  or  bars,  the  tenacity  required 
being  50  000  to  60  000  lbs.  (35  to  42  kg. ),  and  the  elongation  reaching 
32  per  cent.  This  requirement  evidently  arises  from  the  opinion  that 
rivet  steel  should  not  be  so  hard  as  to  make  riveting  difficult,  but 
there  should  be  no  scruijle  in  stipulating  the  same  tenacity  and  elong- 
ation for  rivets  and  screw-plates  as  are  generally  prescribed  for  bars 
and  plates.  Still,  there  are  yet  some  departments  which  prefer  to  use 
wrought-iron  rivets  in  mild-steel  structures.  This  proceeding  appears 
unintelligible. 

The  fixing  of  the  exact  limit  of  elasticity  being  difficult,  many  en- 
gineers are  content  with  the  ascertainment  of  the  yield  point  of  the 
metal,  which  is  easily  obtained  graphically  by  the  use  of  testing  ma- 
chines. This  point  is  the  limit  of  strain  at  which  the  elongation  of  the 
bar  suddenly  becomes  observable,  even  to  unaided  vision,  but  is  best 
seen  in  the  diagram  taken  from  the  machine.  The  writer  thinks  that 
if  the  tenacity  and  elongation  are  specified,  it  is  not  necessary  to  pre- 
scribe the  yield  point.  The  resilience  or  the  product  of  these  quan- 
tities is  characteristic  of  the  quality  of  the  metal  as  to  its  properties  of 
ductility  and  malleability.  Engineers  who  deem  it  sufficient  to  deter- 
mine only  the  yield  point  advise  that  this  be  made  as  high  as  possible, 
because  for  use  in  a  structure  it  would  be  advisable  to  use  the  metal  up 
to  the  highest  safe  strain,  say  one-half  the  yield  point.     This  is  wrong 
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in  so  far  as  it  might  lead  to  the  raising  of  the  yield  point  without  cor- 
responding increase  of  tenacity,  which  would  make  a  brittle  material 
liable  to  sudden  rupture.  It  is  probably  on  this  account  that  French 
specifications  require  the  yield  point  to  be  not  less  than  one-half  or 
more  than  two-thirds  of  the  tenacity. 

It  is  questionable  whether  the  chemical  composition  of  steel  to  be 
furnished  should  be  specified,  and  there  is  a  strong  opinion  among 
engineers  that  it  is  advisable  to  leave  the  methods  of  production  in 
the  hands  of  the  steel-makers,  while  the  engineer  must  watch  the  pro- 
cess and  test  the  finished  metal ;  there  is,  however,  a  difference  of 
opinion  on  this  point.  Generally  a  maximum  limit  of  phosphorus  is 
prescribed,  and  sometimes  of  carbon  also ;  the  former  is  more  import- 
ant, and  there  is  no  doubt  that  more  than  0.1^  of  phosphorus  makes 
steel  useless  for  structural  purposes. 

As  to  other  materials,  the  physical  tests  of  each  charge  or  blow  are 
sufficient  for  determining  the  acceptability  of  the  material,  and  it 
seems  unnecessary  for  the  inspector  to  require  other  chemical  analysis. 

Table  No.  4  shows  that  the  specifications  issued  by  the  Swiss  Gov- 
ernment make  the  new  requirement  of  a  maximum  of  0.06/^  sulphur 
for  steel  rivet  bars.  This  is  to  prevent  red-shortness  in  the  rivets,  but 
the  same  result  could  be  obtained  by  the  customary  red-short  tests. 
It  is  usually  advisable  for  the  consumer  to  encroach  as  little  as  possi- 
ble upon  the  affairs  of  the  steel-makers.  As  soon  as  the  production 
and  use  of  mild  steel  shall  be  governed  by  established  rules,  then  its 
chemical  analysis  and  composition  may  with  confidence  be  left  with 
the  steel  works. 

No  country  is  content  with  testing  only  for  tenacity.  All  who  have 
had  to  do  with  the  practical  examination  and  selection  of  material  are 
convinced  that  this  is  not  a  complete  test,  and  does  not  necessarily  fur- 
nish reliable  material  under  all  conditions.  It  would  seem,  therefore, 
that  other  technical  tests  should  be  made,  such  as  bending,  forging 
and  drop  tests,  the  details  of  which  are  known.  In  Germany,  in  some 
cases  an  effort  has  been  made  to  introduce  a  new  kind  of  tenacity  test, 
but  without  success.  This  consisted  in  testing  pieces  2  to  2f  ins, 
broad,  with  holes  J  in.  diameter  (usually  three),  punched  cold,  at  2| 
ins.  apart,  center  to  center  ;  the  punched  pieces  were  then  subjected 
to  the  tenacity  test,  with  the  requirement  that  the  tenacity  must 
remain  within   the  ordinary  limits,  and  the   fracture  not   show  any 
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change  of  texture  when  compared  with  the  fracture  of  unpunched 
pieces.  The  metal  would  not  stand  this  test,  and  steel  works  were 
perfectly  right  in  refusing  to  deliver  mild  steel  under  this  specifica- 
tion. There  is  no  better  test  or  safer  one  under  which  to  receive  mild 
steel  than  that  of  testing  blow  by  blow  ;  the  examination  of  each  blow 
and  of  the  rolled  or  finished  pieces  made  from  it.  The  results  gained 
in  testing  one  of  the  blows  cannot  be  considered  as  surely  indicating 
the  quality  of  any  other.  Each  blow  is  likely  to  show  a  difi'erence 
in  texture  and  chemical  composition,  although  usually  the  difference 
will  almost  disappear  by  good  and  regular  management. 

The  selection  by  blows  for  a  small  quantity  of  steel  would  be 
impracticable  ;  but  for  large  structures  it  should  be  made  obligatory 
by  the  specifications. 

The  inspection  of  the  steel  in  the  state  of  the  ingot  should  be  an 
internal  affair  of  the  steel  works,  and  one  with  which  the  engineers 
have  nothing  to  do. 

The  last  question  to  be  discussed  is  the  treatment  and  manipulation 
of  mUd  steel  in  the  shop  and  the  field.  It  is  not  long  since  that  it  was 
believed  to  be  necessary  to  use  only  hammers  of  copper  in  its  manipu- 
lation. In  the  year  1888  a  commission  of  French  engineers,  which 
attempted  to  study  the  question  in  connection  with  the  use  of  such 
material  for  the  bridge  over  the  Danube  near  Cernavoda,  had  this 
opinion.  Were  this  right  there  would  be  little  prospect  of  the  use  of 
mild  steel  in  the  future.  Any  material  requiring  such  careful  hand- 
ling could  not  be  admitted  in  general  use.  There  is  no  apparent 
reason  why  material  which  can  be  punched  without  cracking  or 
sensible  hardening  at  the  holes,  and  which  stands  such  severe  usage 
under  drop  and  bending  tests,  even  after  subjection  to  severe  cold,* 
should  not  be  used  in  an  ordinary  way. 

A  good  mild  steel  can  be  worked  as  readily  as  wrought  iron  in  the 
Bhoji  or  the  field,  and  even  bear  still  harder  treatment.  It  was,  how- 
ever, often  thought  necessary  to  require  preliminary  annealing  to 
remove  the  initial  strains  due  to  rolling.  The  annealing  is  undoubt- 
edly of  great  advantage  to  all  steel  above  64  000  lbs.  strength  per 
square  inch,  lint  it  is  questionable  whether  it  is  necessary  in  softer 
steels.     The  distortions  due  to  heating  cause  trouble  in  subsequent 

*  atahl  und  Eisen,  1892,  No.  4  and  No.  13.  Ceutralblatt  der  Biuverwaltung,  1892,  pagee 
68  and  83. 


MEHRTENS  ON  THE  USE  OF  MILD  STEEL.  217 

straightening,  especially  of  thin  plates ;  and  very  long  pieces  cannot 
be  properly  annealed  on  account  of  lack  of  facilities  for  such  purpose 
at  the  mills.  It  cannot  be  denied,  however,  that  annealing  produces 
greater  toughness. 

In  a  general  way  all  unaunealed  mild  steel  for  a  strength  of  57  000 
to  64  000  lbs.  may  be  worked  in  the  same  way  as  wrought  iron.  Hough 
treatment  or  working  at  a  blue  heat  must,  however,  be  prohibited. 
Such  treatment  cannot  be  borne  by  wrought  iron,  althougJti  it  does  not 
suffer  so  much  as  soft  steel.  Shearing  is  to  be  avoided,  except  to  pre- 
pare rough  plates,  which  should  afterwards  be  smoothed  by  machine 
tools  or  files  before  using  (see  Table  4,  Nos.  7-10).  Drifting  is  also 
io  be  avoided,  because  the  edges  of  holes  are  thereby  strained  beyond 
the  yield  point.  Eeaming  drilled  holes  is  not  necessary,  particularly 
when  sharp  drills  are  used  and  neat  work  is  done.  A  slight  counter- 
sinking of  the  edges  of  drilled  holes  is  all  that  is  necessary.  Working 
the  material  while  heated  should  be  avoided  as  far  as  possible,  and  the 
engineer  should  bear  this  in  mind  when  designing  structures.  Upset- 
ting, cranking  and  bending  ought  to  be  avoided,  but  when  necessary 
the  material  should  be  annealed  after  completion. 

The  question  of  riveting  is  an  important  one,  especially  that  as  to 
whether  the  heading  of  steel  rivets  is  better  done  by  machine  or  hand 
■work,  on  account  of  the  danger  of  working  at  a  blue  heat.  The  rivet- 
ing of  a  mild  steel  rivet  should  be  finished  as  quickly  as  possible, 
before  it  cools  to  the  dangerous  heat.  For  this  reason  machine  work 
is  the  best.  There  is  a  special  advantage  in  machine  work  from  the 
fact  that  the  pressure  can  be  retained  upon  the  rivet  until  it  has 
cooled  sufficiently  to  prevent  elongation  and  the  consequent  loosening 
of  the  rivet.  It  is  undoubtedly  true,  also,  that  rivets  beyond  1  in. 
diameter  cannot  be  well  driven  by  hand  work;  but  such  rivets  are  very 
seldom  used.  European  bridge-builders,  especially  those  on  the 
Continent,  prefer  hand  work,  on  account  of  the  expensiveness  of  the 
other,  and  also  on  account  of  the  difficulty  in  using  a  machine  upon 
all  the  rivets  to  be  driven  in  the  field,  which  are  among  the  most 
important  in  the  structure.* 

The  writer,  in  closing  this  paper,  desires  to  state  that  it  is  written 
for  the  purpose  of  giving  a  general  view  of  the  use  of  mild  steel 
throughout  the  world,  to  show  the  importance  of  further  tests,  and  to 

♦Notice  of  the  erection  of  Iron  Bridges  in  America.    "  Stahl  und  Eisen,"  1891,  No.  4. 
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show  that,  with  the  present  knowledge  that  we  have  concerning  the 
manufacture  and  use  of  mikl  steel,  engineers  and  architects  are  abun- 
dantly justified  in  accejjting  it,  under  proper  restrictions,  for  all 
classes  of  structures. 


TABLE  No.  1. 
List  of  the  Most  B-emabkable  Mhjd-Steel  Supebstructubes  of  Bbedges  Built  in  the  Decade  1880-90. 


•  "flonig"  Bridge,  KiJDigBberg,  Praaaia 
"Hohe"  Bridge,  Kilalgsberg,  Prussia.. 

.  Railway  bridge  over  the  Firtb  of  Forth) 
(jueenafcrry,  Scotlaod f 

.  Rillvray  pln-fostened  bridge  for  the  Deli- 1 
Siioorwcg  Company,  Sumatra j 

•Koltel  Bridge,  KiJaigsberg.  Pmesia 

.'•Tower  Bridge  over  llio  Tliames,  London  .  j 
.'Elbe  Bridge,  Mclnlk,  Bobemia 


■  Cerweoa,  Ballway  I 


.  Bridges  of  OagniC-res  and  Iseron, 


Lyoa-Ued.  Railway,  Pmnc 
»Two  foot  bridges  at  the 

"HiifBDlhor."  Hamburg.. 
'Brlilue   of   Plazza-Pia     oi 


Jonas"  and i 
•  the   Tiber,  i 


railway  bridges.  Doli-8poor-i 

weg  Company,  Sumatra J 

ft'lHCl  do  Cha.  at  Sqo  Pa61o,  Brazil 

.  Bridge  on  the  liuo  from  Lona  le  Saulnierl 
0  Chumpsgnole,  Prance j 

"  Brldue,  near  Marlenburg,  1 
,  Prussia ] 

the    Bio  aamala.l 


Built  or  designed  by 


I  FrUhling.  Union  Foun- 1 

I     dry,  Ktinlgsberg I 

[  FrUbling.  Union  Foundry, 

I  Fowler  k  Baker I 

lAtrol  iCo J 

1  Harkort,  Duisburg,  Oer- 1 

iPrlibllnK.  Union  Foud-1 
t     dry.  Kiinigeberg ( 

Arrol  It  Co 

Bridge  Works,  Pi'ague,.  | 

;  Harkort,  Duisburg.Ger- 1 

;     many | 

I  Harbor  Department | 


KlbDQi?.  Dortmund,  a< 
Savlgllano  Works,  Italy, 

Harkort,  Duisburg , 

Harkort,  Duisburg 

Harkort,  Duisburg 

Harkort,  Duisburg 


17001 
66st 
33-100 


Speoifioatiohs  I 


:   SUPBBSTBDCTDBBB. 


Martin., 
d  Martin.. 


Id  Martin.. 

Thomas 

id  Martin. . 

id  Martin . . 
Thomas 


d  Martin.. 
Thomas 


Up  to  200  jTbomas.. 
^1      Thomas.. 


Tenacity  in  pounds  per  square  inch. 

(For  bars  71  OOC 

(For  plates 64  000 

f 64  000 

Ur.t.rii,»ia  I  68  000 

(rorriveiB |  55  6UU  Shearing  strength. 

Compressed  members.  .7.')000  to  82000 

Tension  members 67  000  to  74  OOit 

[Rivets 60000  toG4  0U0  Shearing  strength. 

S4  000  to  60  000 

[ 60000 

[rornveiB |  51  000  Shearing  strength.  I 

I CO  000  to  71 OUU 

I  For  rivets 69  000  to  61  UOO 

Without  specification. 

74  000 

69  (JOO  to  G4  000 

I 60000to64000 

[For  rivets 60  000  to  67  000 

60000±3000 

63  000  to  63  000 

60  000  to  71 000 

64  000  to  60  0011 

54  000  to  60  000 

flO  000  ±  3  000 

( 57  one  to  6*  000 

I  For  rivets 51  OOO  to  67  000 

54  000  to  60  000 


I  Contraction     60 


I  the  Steel  Works  of  "  Phiinix 
e  lever-draw  span  and  two  truss  spans. 


[  No.  G.  CoDJbiuation  of  a  stiffened  suspension  bridge,  together  vrith 
I     an  elovikted  loot  bridge. 

■  No.  7.  The  Prague  Works  furnished  since  1887-90,  also  about  700 
1  road  bridges  up  to  91  ft.  length  and  S4  tons  railway 


I  No  8,  Moreover,  three 
\     Britzil.    Weight,  112 
(No.  9.      U.IOC;    0  05  1 
1     lated. 
(  No.  10.    Chemical  analyses 


and  partly  iu  Martin. 

road  bridges  in  Thomas  for  Japan  and 

ous.    Speclflcation  like  No,  4, 

;  0.35  M.;   0.02  Sil.;   0.02  S.,  were  stlpu- 

follows;  0.062-0. 086  C. 
0.016 -0.034  P. 
0.152- 0.210  Mn. 


[Transverse  31  000 
95  600 


^     length  in  basic  Martin  mild 
{  No.  11.    Elongation  meisured  in^ 
( No.  12.  The  same  work  (uroisbed 


I  spana  up  t 


3  ft. 


lengths. 
JS8-90  140  tor 
82  ft.  length  Thomas  and  Martin  r 


smaller  road 


I  Japan;    13  road  brldgef 


List  of  the  Most  Bemabk 


TABLE  No.    2. 
.  Basic  Mtld-Steel  Bridges  and  Viaducts  Bun/r  in  Eubope  Since  the  Yeab  1890. 


'    Welcbsel  brldRfl  ut  Fordon.    Line  Bromberg-Fordon- 1 

CulniBee,  PruBBla j 

•Swing  bridge  ia  the  Harbor  of  LUbeck,  road  and  single  i 
track  railway j 

Donau  bridge  noar  Czernavoda,  Hallway  Czemavoda-j 
KUatenscbe J 

*Elbe  bridge  LoBcUwitz-Blasewilz,  Saxony 

Oder  bridge,  near  Alt-RUdnitz.  Line  Wrlezen-Jildicken. } 
dorf,  Pruaslu f 

Single  track  Elbe  bridge  at  Nlederwartha,  Saxony.  Line  1 

BtTllii-Dresdon f 

*Itoud  bridge  over  the  Seaia  at  Obislareogo,  Province  I 
Novsra,  Italy ) 

Bridge  over  tbe  Tanaro.    Lino  Geuova-Aeti,  Italy 

•Road  bridge  over  tlie  Uono,  Province  Ferrara,  Italy 

I  Tlin-c  brldtjea  of  the  lines  Scbbuberg-Hiracbberg-Wald- 1 
I        Lolm-Kocblllz  A.  0.  State  Railway,  Saxony J 

*Tweuly  road-bridgea  fur  llie  Dutcb  Colonies.     India 

'    Viaduct  Dt  Lapio.    Line  Avellino-nocchetta 

Fuur  brldgoa  over  the  Taro.     Line  Parma-Spezla,  Italy.. . 

•CrosHing  of  Wallboratreet  over  tbo  switcbin^-slatloa,  t 
I        Dresden  FriedrlcliHtudt,  Saxony ( 

'    Douniibrldge  at  Itegouaburg.    Bavarian  State  Railwaye.  ) 

•Itoad  bridge  over  tbu  Calitdou,  Ornnge  Free  State 

•Molduu  bridge  at  &Ioldatitbein.  Bobemla  

'    Twenty-alx    bridges  of  the  Mederlanda  Souib  Aft-lean  I 

I        Itivllway  Company,  ArostcrdRni ] 

Crosaliig  of  Beuaael  street  at  Berlin,  City  Railway 

I    Bridge  over  tbe  Elbe,  neir  Hamburg,  Hue  Venlo-Ham- 1 
Wertai-li  bridge  at  Autjeburg,  Bavarian  State  Railwaya  . . . , 

j    Itiitlway  viaduct  over  tlie  Tjitandocl,  Java 

Tbe  crosBlng  over  Falkea  atroet  at  Dreaden 

Under  bridge  of  tbe  Trankgaaae  and  Johannla  atreet) 
at  Cologuo J 

Enz  bridge  at  Boalgbelm.  State  Railway,  WUrtemberg..  1 


1891-03 
1801-92 
1891-92 
1891-92 


Built  or  designed  by 


Mebrteua,  Gutehofrnungahlitte  and  Harkort,  Dniaburg. 
Cily  of  Liibeck,  GnteboffnungabUtte,  Sterkrade 


Saligny,  Fives-Lille 

Ebpcke  and  Krllger;  Ebaigin  MarienbUtte,  Zwickau... 
Itoyal  Hallway  Department,  Berlin,  Kldnne,  Dortmund. 

Elette  and  Bahee,  Lancbbammer 

Savigliano  works 


Savigliano  works j 

Savigliano  works j 

Poppe  and  Baumann 

Colonial  Mlniat.,  Hague.    GutehofTnuugnbUtte.  Sterkrade, 

Impreea  Induetriale  Italiana  Caslellamare , 

f 
Improsa  Induatriale  Italiana  CaBtollamare \ 


Probaska,  Laiicbbummcr. 


Harkort,  Duisburg 

Bridge-work,  Prague 

Guteboffuungsbtltte,  Sterkrade 

[Betrlebsamt  (Board  of  Manogorn)  GuteboffnuDgBbiltle) 


Colonial  Minst.  Holland,  Harkort,  Duiaburg. . 


QutebofTnungsbUtte  Sterkrade  and  Lauchbammer 

BelTlebsamtEiJIn-DUren.  QutebofTnungshtltte,  Sterkrade 


Spkcifioatiow  1 


:  Matediai.  of  Scperstruciures. 


Kind  of  material. 


Basic  Martiu.. 


Bjsfc  Martin.. 
Basic  Martin., 

Thomas 

Baelc  Martin.. 


Basic  Martin... 
Martin. 
Martin . . 
Martin. , 

Basic  Martin . , 


Basic  Martin  and  Thomas  . 
Basic  Martin  and  Thomas  . 


Basic  Martin.. 
Basic  Martin. , 
Basic  Martin.. 


Total  weifiht. 

Ions.     1  000  kg 

=  2  204  lb. 


1  300 
1  100 


Yield  point,  pounds 
per  square  inch. 


55  600  to  61  000 


i  000  to  63  000 


63  000  ti 
51  OOO  t 


63  000 

I  64  too 


CO  000 

0  71  COO 

28  000 

60  OCO  t 

0  71  000 

28  000 

61000 

0  64  000 

33  000 

Specifications 

of  tlie  Society 

of  German  Steel 

51  000  to  60  000 


For  rivets  51  0 


C3  000  to  57  1)00 


U  000 
COO  to  11  000 


;ResiUouce  900  i 


21-16 

20-30 
Contraction  10-65 


Work  Managera  t 


kilogram  per  sq.  i 
000     for     pounds 


No.  1.  P  not  above  0.10  per  cent.     Reception  blow  by  blow. 

No    %  The  product  of  tbe   tenacity  and  tbe  elongation  (resilience. 


inches).    Chemical  composition  stipulated. 


No.  4,  Highly  remarkable  sliffened  trues  suspension  bridge,  with  three 


binges,  system  Edpcke. 


3  also  several  smaller 


I  and  railway  bridges.    Among  t 


.  Only  the  door  bars  and  the  quadrant  bars  of  the  columns  a 


No. 21.  Moreover,  since  ISOl.c 
(of  about  600  toufl  weigiM], 
the  ennine-bouse  (5ini  u>\ 
bridges  have  1 

'bese  well ' 

I  of  the  I 
bridgea  for  tbe  railway  WoucLiauy-ll 
29  railway  bvldgea  for  the  Kiuscbiu  I 
several  smaller  bridgea  for  Roiimania,  Sumatre 
about  6  OOO  tons  Thomas  and  Martin  metal  Iron: 
ginning  of  1893. 


Reception  blow  by  blow. 

Bavarian  State  Railwayafourbrldgef 
ronf  Rtrncturea  for  the  station  and 
MuDii'li,  besidoe  about   1300  tone 


*  Road  bridges, 

tVorsobrlflen  (Ur  Lieferungei. 

I  Hannovcracho  Zeltechrlft  doa  ArcWtekten  und  Ingenie 


I  Eisen  und  Slabl  aufgeetellt  i 


r  Vcreins  1860,  1861, 


EisenliUttenleute. 


TABLE   No.  3. 
Pkoduction  of  Basic  MniD  Steel  in  Vakious  Countkies. 


Name  of  the  Country. 


1.  Germany  and  Luxemburg 

2.  England 

3.  France 

4.  Austria-Hungary 

5.  Belgium,  Eussia  and  United  States 

Total 


1891. 


Total  in 

tons.    1  000 

kg.  =  2  204 

lbs. 


1  779  779 
436  261 
255  401 
221  212 

187  882 


Containing 
under  0.17 
X  carbon. 


1  314  781 

350  818 

173  880 

95  907 

111  172 


2  046  558 


1892. 


Total  in 

tons.  1  000 

kg.  =  2  204 

lbs. 


2  013  484 
406  8b9 

287  528 

288  122 
206  667 


Containing 
under  0.17 
X  carbon. 


616  783 
317  585 
196  190 
212  408 
129  023 


2  471  992 


TABLE  No.  4. 
Essential  Spbcifioations  foe  MrLD-SiEEL  Stbtjctxjbbs  in  Sevebal  Couktbies. 


English  Admiralty 

German  Admiralty 

Lloyd's Begister,  England. 

Bureau  Veritas,  France.  . . 

.  Board  of  Trade,  England j 

.Germanic  Lloyd,  Germany.  | 


,  French  Ministry  of  Public 
Works,  August,  1891 


Kind  cf  material. 


Tenacity  Tests. 


Tenacity.  Pounds 
per     8  qua 


Elongation  in 
8  ins. 
Per  cent. 


Yield  point, 
l>ounds  per 
square  inch. 


A.  Specifications  for  Ships  and  Boilebs. 


. .  Plates  for  vessels  and  boilers. 

(  Plates  for  boiler  shells 

j  Fire-plates  for  boilers 

(  Plates  of  vessels 

I  Plates  for  boilers 

1  ;Plates  of  vessels 


Plates  of  vessels.. 
"    for  boilers.. 


'itzer-  J 


Plates  for  boiler  shells.. 
Fire-plates  lor  boilers  . , 


67  Ono  to  06  000 
60  000  to  67  000 
60  OUO  to  Gi  000 

63  000 

68  000  to  67  000 
63  000  to  71  000 

60  000  to  71  COO 
65  600  to  68  000 
48  000  to  54  000 


B.  Specifications  foe  Bridges  and  other  Buildings. 


Plates  and  bars 

Transverse 

Rivets  

Ingot  steel  for  bearings 


Bars  and  plates  (of  ^  to  1  j  ins 

thickness)  lengthwise 

Transverse 

Rivets  and  screws 

Ingot  steel  for  bearings 


Bars  and  plates,  lengthwise.. . 
Universal  and    flange  plates. 

Transverse 

Rivets  and  screws 


60  000  to  64  000 

60  000  to  64  000 

60  000  to  67  000 

81000 


63  000  to  63  000 
51  000  to  64  000 
51  000  to  60  000 

64  000  to  85  000 


67  000  to  64  000 


28-22 
26-20 
32-20 
10  at  le 


30  000  to  40  000 


Other  Tests. 


For  bars  and  plates. 


No.  4.  For  plates  of  i  in.  (0.5  mm.)  thickness,  or  less  16V 
elongation  sufficient.  Recommend  fire-plates  not 
above  62  600  lbs.  tenacity  and  not  less  than  22"^  elonga- 
tion; for  undulated  fire-plates,  the  like  not  above 
57  000  lbs.  and  25  per  cent. 


No.  6.  Recommend  flre-plates  not  above  60  000  lbs.  and 
not  less  than  22.6  per  cent.  For  plates  above  1  in. 
(25  mm.)  thickness,  the  admissible  greatest  tenacity 
shall  be  taken  for  each  increase  of  y'g  in.  (2  mm.),  about 
710  lbs.,  less  than  the  numbers  of  the  table. 


No.  7,  Bending  tests  with  pieces  which  have  been  ( 
punched  and  quenched,  in  such  manner,  that  the  ends  1 
of  the  testing-pieces  touch  together  without  crack.        I 

No.  8.  Customary  bending  test  and  quenching  test  with 
test  pieces  of  2  — 3 J  in.  (60-80  mm.)  breadth  and  180" 
angle  of  bending  : 

o.  For  material  of  50  000  lbs.  tenacity,  the  sides  of  the 
test-pieces  must  quite  touch  one  another  after  bending. 

6.  Material  of  64  000  lbs.  tenacity,  must  bend  round 
a  pin,  whose  diameter  is  equal  the  thickness  of 
the  piece.  The  same  test  to  be  made  round  a  pin 
whose  diameter  is  five  times  the  thickness  of  piece, 
with  nicks  made  in  the  piece  by  a  stroke  of  chisel  up  to 
^  thickness  of  piece  transverse  lo  the  rolling  direction . 

B.  a.  Angle  of  bending  150^. 

b.  Angle  of  bending  90°,  causing  no  suddenly  entering 
thorough  crack  to  appear. 

Plate  pieces  heated  red  must  be  bent  quite  togelher 
over  a  sharp  edge. 

No.  9.  Quenching  test,  the  diameter  of  the  loop  at  the 
bend  in  test  of  pieces  cut  lengthwise  must  be  no 
greater  than  the  thickness  of  Ihe  piece,  and  if  cut 
transversely,  not  more  than  twice  that  thickness. 

Red  short  test.  The  test-piece  must  be  heated  to  redness, 
and  forged  to  i  x  1.6  ins.  (6  x  40  mm.),  then  punched 
by  a  punch  JfJ  in.  (20  mm.)  diameter.  The  hole 
to  be  enlarged  afterward  to  1.2  ins.  without  cracking. 

No.  10.  Ordinary  bending  and  quenching  tests.  Pieces 
2  ins. (60  mm.)breadth.  Diameter  of  pin  equal  two-thirds 
thicinessof  piece  in  longitudinal  seciions.  three  halves 
thickness  for  transverse  sections,  and  double  thick- 
ness for  universal  bars. 

Bed-heat  bending-test.  Sides  must  touch  quite  together. 
Quantity  of  P  not  above  0.1  per  cent. 


For  rivets  and  screws. 


No.  8.  Ordinary  bending  test  in  such  a  manner  that  the 
sides  of  piece  touch  quite  together.  Bending  round  a 
pin  whose  diameter  is  like  that  of  the  rivet,  and  re- 
straightening  up  to  an  angle  of  90=. 

Upsetting  test  at  red  heat  up  to  one- third  rivet  length. 

Upsetting  lest  at  red  heat  and  forging  at  blue  heat. 


No.  9.  Quenching  test.    Diameter  of  the  loop  (Schleife) 

to  be  half  of  the  thickness  of  rivet. 
Upsetting  test  up  to  one-third  of  the  rivet  length. 


No.  10.  Bending  test  as  for  bars. 

Upsetting  test.    Length  of  rivet  to  be  twice  the  diameter 

and  to  upset  up  to  one-third. 
Quantity  of  sulphur  not  above  0.06  per  cent. 


I  No.  7.  All  rivet  holes  are  to  be  drilled  or  reamed  about 
,^5  in.  (1  mm.)  after  drilling.  All  shearing  faces  (Schnitt- 
flSchen)  are  to  be  trimmed  at  least  3',  in.  (1  mm.). 


No.  8.  Only  basic  Martin  mild  steel  admitted.  Shearing 
faces  to  be  trimmed  about  ^^  in.  (2  mm.).  All  rivet- 
holes  to  be  drilled. 


No.  9.  Beception  blow  by  blow,  if  stipulated.  From  each 
blow  there  are  to  be  tested  three  pieces  at  most  and 
from  each  20  pieces  a  single  piece.  Otherwise  there 
are  to  be  tested  from  each  100  pieces  five,  and  at  most 
from  each  2  tons  of  the  same  bars  a  single  piece. 


No.  10.  Obligatory  reception  blow  by  blow.  From  each 
blow  are  to  be  ascertained  the  quantities  of  M.  and  P.,  for 
rivet  bars  also  of  S.  From  each  10  blows  also  C,  Si  and  S. 


*  Resilience  (Arbeitszlffer,  capaoitfe  de  travail)  or  product  of  tenacity  by  elongation,  expressed  In  pounds  per  square  inch. 
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Plate  1. — Basic  Maktin  O.-H.  Steel  feom  the  Fordon  Bkidge. 


l-'i.  Special  Droi)  ami  Beudini,'  Teats. 


lugot  Tejts.      3-4.  BeucUag  Tests.      5.  Tensile  Test.      ti.  Beating  Test.      7-10.  Special  Drop  and 

Bending  Tests. 


Plate  II. — Thomas  Mild  Steel  fbom  the  Fokdoi<  Bridge. 


TESTS  OF  EACH  BLOW 


COLD  BENDING 
TESTS 


iNGOT  TEST  QUENCHING 

TESTS 


OTHER  SPECIAL  TESTS. 
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Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 
any  of  its  pnblications. 
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THE  USE  OF   BASIC   MILD   STEEL  AS   MATERIAL 
FOR  CONSTRUCTION  IN  GERMANY. 


By  C.    Weyrich,  Engineer  of  Eiver  and  Harbor  Board  at 
Hamburg,  Germany. 


Prepared   for  the   International   Eng'ineering   Congress  of  the 
Columbian   Exposition,  1893. 


Among  the  iron-ore-producing  countries  of  the  world,  Germany 
holds  the  third  position.  The  United  States  and  Great  Britain,  being 
respectively  fii'st  and  second,  are  followed  closely  by  Germany,  while 
Spain  follows  at  a  much  greater  distance. 

The  total  produce  of  iron  ore  for  all  countries  in  the  year  1890 
amounted  to  about  67  000  000  tons,  distributed  as  follows  : 

Tons. 

United  States 17  500  000 

Great  Britain 14  000  000 

Germany 11  500  000 

Spain. .'. 5  000  000 

AU  the  other  countries 19  000  000 

Thus  making  a  total  of 67  000  000 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
wi]l  be  published  simultaneously  in  the  number  for  December,  1893. 
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About  40%,   or  27  000  000  tons,   of  pig  iron  was  naacle  from  this 

quantity  of  iron  ore,  and  was  converted  into  : 

Tons. 

Wrought  iron 7  500  000 

Steel 12  000  000 

Castings 7  500  000 

Making  a  total  of 27  000  000 

Of  these  12  000  000  tons  of  steel,  2  500  000  tons  were  basic  or 
Thomas  steel,  of  which  2  000  000  tons  contained  less  than  0. 17% 
carbon. 

The  total  quantity  of  2  500  000  tons  of  basic  steel  was  manufac- 
tured by  the  diflferent  countries  as  follows  : 

Tons. 

Germany 1  500  000 

Great  Britain 500  000 

France 250  000 

Austria 125  000 

Belgium,  Bussia  and  United  States 125  000 

Together 2  500  000 

The  commercial  value  of  the  iron  ores  produced  in  Germany  in  the 
year  1890  was  estimated  to  be  about  48  000  000  marks,  or  about  4.2 
marks  per  ton.  The  export  of  Germany  in  the  year  1890  amounted  to 
nearly  2  000  000  tons,  from  which  amount  France  and  Belgium  received 
about  equal  parts.  The  import  reached  neai'ly  500  000  tons,  chiefly  of 
Spanish  origin. 

The  total  output  of  pig  iron  in  Germany  was  4  658  000  tons,  and  of 
these  there  were  used  in  the  manufacture  of — 

Tons. 

Steel 2  256  000 

Wrought  iron 1  581  000 

Cast  iron  of  2d  fusion 781  000 

The  rest  being  1st  fusion,  old  iron  and  graint  of 

pig  iron  from  the  blast  furnace  cinder 40  000 

4  658  000 

The  manufactured  products  were  : 

Tons. 

Steel 1  614  000 

Wrought  iron 1  486  000 
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Or  iu  detail  : 

steel.     Tons.  Wrought  Iron.    Tons. 

Kails 560  000  11000 

Ties 130  000  16  000 

Tires,  railway  axles,  wheels. . .  93  000  16  000 

Merchant  iron,  plates,  etc 515  000  1  258  000 

Wire   217  000  122  000 

Various  materials 99  000  63  000 

1  614  000  1  486  000 

Since  this  time  the  change  in  the  production  in  Germany  has  not 
been  very  marked,  the  quantities  being  for — 

I'ig  Iron.    Tons. 

1890 4  658  000 

1891 4  452  000 

1892 4  793  000 

Other  countries  appear  to  have  fluctuated  in  like  manner ;  for 
instance,  the  United  States,  the  most  productive  country,  shows  also 
a  decrease  for  the  year  1891,  which  was  balanced  in  1892. 

The  output  was  for  the  three  consecutive  years  : 

Pig  Iron.     Tons. 

1890 9  349  000 

1891 8  412  000 

1892 9  303  000 

It  may  therefore  be  said  the  output  for  1890  may  be  taken  as  a  fair 
average  for  the  present  production.  Only  in  the  production  of  Thomas 
steel  has  a  considerable  progress  been  made  at  the  expense  of  wrought 
iron. 

The  returns  for  1892  in  proportion  to  1890  are  as  follows  : 

1890.    Tons  1892.     Tons. 

Germany 1  500  000  2  000  000 

Great  Britain 500  000  500  000 

France 250  000  250  000 

Austria 125  000  250  000 

Belgium,  United  States,  Russia.  125  000  250  000 

Thus  making  a  total  of 2  500  000  3  250  000 

It  will  be  seea  that  the  greatest  increase  was  in  Germany. 
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The  development  in  the  production  of  wrought  iron  and  steel  in 
Germany  since  1850  is  shown  in  the  diagram. 
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Bessemer's  invention  of  1861  and  the  introduction  of  the  acid 
Martin  process  in  1865  gave  only  a  moderate  impulse  to  the  somewhat 
unimportant  German  steel  industry.  The  German  ores  could  not  be 
worked  in  the  acid  process,  as  they  contained  too  much  phosphorus, 
and  had,  therefore,  to  be  mixed  with  imported  ores,  principally  of 
Spanish  origin,  in  order  to  produce  an  available  metal.  In  this  way 
the  existing  demand  for  steel  rails,  for  instance,  was  covered.  But 
the  price  of  the  acid  steel  being  too  high,  it  could  not  compete  suc- 
cessfully for  purposes  where  wrought  iron  was  usually  applied.  It 
was  through  the  celebrated  invention  of  Thomas  and  Gilchrist,  in 
1878-79,  which  enabled  the  phosphorus  to  be  extracted  by  means  of 
fitting  a  basic  lining  to  the  converter,  that  a  great  change  in  the  pro- 
duction took  place. 

Since  that  time  the  German  ores  have  been  easily  converted  into 
steel,  the  consequence  being  a  great  increase  in  the  production  of 
steel.  In  the  year  1880,  the  year  following  the  introduction  of  the 
Thomas  process,  the  produce  of  steel  was  double  that  of  the  previous 
year,  viz.,  750  000  tons  against  470  000  tons;  and  in  the  year  1892  the 
output  reached  2  650  000  tons,  or  six  times  as  much  as  that  of  the  year 
1879. 

During  the  same  period  a  great  fluctuation  took  place  in  the  manu- 
facture of  wrought  iron.  Until  the  year  1883  the  production  of 
wrought  iron  was  still  increasing,  and  reached  its  highest  level  with 
2  002  000  tons.  After  that  time  the  production,  after  a  short  period  of 
revival,  gradually  diminished  to  1  470  000  tons  in  the  year  1892. 

A  visit  to  the  German  steel  and  iron  works  confirms  this  develop- 
ment. While  the  steel  works  are  increasing  in  number  and  extent, 
the  puddling  hearths  disappear  more  and  more,  so  that  it  appears  to  be 
a  matter  of  time  oiily  when  the  production  of  wrought  iron  will  be  of 
secondary  moment. 

In  1886  the  basic  process  was  supplemented  by  the  introduction  of 
the  basic  Siemens-Martin  process.  By  this  new  method  new  friends 
were  gained  for  the  use  of  steel.  The  stormy  flow  of  the  Thomas  pro- 
cess was  found  objectionable  by  many,  and  there  were  no  means  of 
influencing  its  course.  The  Siemens- Martin  process  requires  more 
time  to  carry  it  through;  it  allows  a  regulation  in  the  formation 
of  the  flow.  At  present  both  processes  are  used  promiscuously.  The 
majority  of  the  consumers  does  not  attach  importance  to  the  method 
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in  which  the   material   is  manufactured,  while  some  prefer  Siemens- 
Martin  steel. 

The  production  of  Bessemer  material  has  scarcely  kept  on  the  same 
level  as  in  earlier  times.  At  present  about  12°^  of  the  whole  quantity 
of  steel  is  made  by  the  acid  process.  About  13%  of  the  remainder  is, 
Siemens-Martin  steel,  and  87%  Thomas  steel. 

The  respective  figures  for  1892  are  : 

Tons. 

Bessemer  steel 310  000 

Basic  Siemens-Martin  steel 300  000 

Thomas  steel 2  040  000 

Thus  making  a  total  of 2  650  000 

During  the  first  years  following  the  introduction  of  the  Thomas 
process,  it  was  the  hard  kind  of  material  only  that  was  produced,  and 
it  was  principally  used  for  rails.  The  jsroduction  of  rails  in  the 
year  1882  was  400  000  tons,  of  which,  of  course,  the  greater  part  was 
made  by  the  Bessemer  process.  But  the  advantage  of  the  Thomas 
steel  is  its  softness,  it  is  more  easily  manufactured,  does  not  suffer  by 
riveting,  or  accidents,  does  not  injure  in  working,  and  is  not  in  any 
way  endangered  by  exposure  to  frost,  at  least  such  as  is  likely  to  be 
experienced  in  Germany,  the  only  change  in  its  physical  properties 
being  perhaps  a  very  small  loss  of  tenacity.  With  the  progress  in  the 
manufacture  of  Thomas  steel,  its  special  properties  enabled  it  to  gain 
new  ground;  and  this  was  promoted  by  successful  improvements  in 
the  new  process  and  the  plant  employed,  which  were  the  means  through 
which  a  good  mild  material  could  be  produced  with  perfect  certainty. 
In  the  earlier  stage  Thomas  steel  was  used  princij^ally  for  engineering 
and  ship-building  purposes.  The  German  navy  jaarticularly  became 
a  great  consumer.  In  this  application  the  material  is  required  to  have 
an  ultimate  tensile  strength  of  between  45  to  50  kg. ,  or  64  000  to  71 100 
lbs.  per  square  inch;  whereas,  for  rails,  a  tensile  strength  of  50  to  60 
kg.,  or  71  100  to  85  300  lbs.  per  square  inch,  is  demanded. 

With  further  progress  in  manufacturing  milder  kinds  of  steel,  this 
material  drove  away  wrought  iron  from  the  field  of  iron  construc- 
tions and  soon  took  possession  of  the  iron  market  for  all  general  pur- 
poses, entirely  excluding  the  competition  of  Bessemer  steel,  as  this 
material  could  not  be  manufactured  of  such  mildness  as  is  required 
for  these  purposes. 
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The  following  table  shows  the  production  of  the  two  kinds  of  rolled 
iron. 

Wrought  Iron.  Mild  SteeL 

Tou8.  Tons. 

1882 about  1  000  000  59  000 

1883 1  020  000  about  75  000 

1884 1044  000  97  000 

1885 1  071  000  about  120  000 

1886 1076  000  139  000 

1887 1264  000  234  000 

1888 1276  000  349  000 

1889 1357  000  496  000 

1890 1258  000  515  000 

1891 1179  000  603  000 

It  will  be  seen  that  during  the  10  years  from  1882  to  1891 
the  production  of  rolled  iron  manufactured  from  mild  steel  increased 
tenfold,  viz.,  from  59  000  to  603  000  tons,  while  the  manufacture  of 
the  same  article  from  wrought  iron — at  present  the  only  use  for  this 
material — advanced  very  slowly,  until  in  the  year  1889  a  point  was 
reached  from  which  there  was  a  constant  decrease.  But  as  material 
suitable  for  the  construction  of  bridges,  the  use  of  mild  steel  would 
not  advance,  although  its  use  for  that  purpose  was  urgently  desired, 
not  only  on  account  of  the  great  demand,  but  also  as  the  admission  of 
this  material,  as  such,  would  at  once  destroy  all  scruples  against  its 
use. 

The  slow  advance  corresponds  with  the  characteristic  conservatism 
of  Germany.  While  in  America,  the  country  of  the  most  unhindered 
inducement,  novelties  are  always  welcomed,  a  failure  is  soon  excused 
and  furnishes  experience  only,  in  Germany  such  mistakes  are  not  at  all 
admissible.  He  that  would  encounter  such  a  failure,  would  suffer 
damage  to  his  reputation.  This  accounts  in  a  great  measure  for  the 
extreme  backwardness  in  the  adoption  of  new  material.  Another 
drawback  is  that  all  public  constructions  require  the  approval  of  the 
government  authorities,  who  are  bound  by  existing  instructions  and  do 
not  possess  the  power  to  introduce  novelties.  There  were  still  more 
difficulties  to  be  encountered.  The  opinions  as  to  the  material  to  be 
used  in  the  construction  of  bridges  differed.  As  bridges  were  not  fre- 
quently built,  experience  could  not  readily  be  gained. 

Further  there  exists  very  little  intercourse  between  the  civil  engi- 
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neers  responsible  for  the  construction  and  the  steel  manufactvu'ers. 
The  civil  engineer  in  charge  has  no  time  to  study  the  practice  of 
steel  manufacturing  ;  he,  therefore,  lacks  the  necessary  knowledge, 
being  satisfied  when  he  receives  the  material,  which  is  offered  to  him 
as  tested  according  to  the  specifications  ;  he,  therefore,  does  not  know 
whether  all  of  his  wishes  are  at  all  times  practicable. 

The  steel-maker  lacks  a  general  view  of  what  is  required  and  in  what 
direction  the  tendency  for  changes  in  the  requirements  are  moving, 
and  therefore  is  not  able  to  change  his  management  accordingly. 
These  circumstances  in  Germany,  contrary  to  other  countries,  op- 
posed the  progress  of  mild  steel  for  the  construction  of  bridges,  so 
that  it  gained  ground  very  slowly.  For  these  reasons  it  was  only 
very  recently  that  an  agreement  was  arrived  at,  that  the  soft  mate- 
rial only  was  to  be  used.  This  material  is  the  only  one  the  steel- 
makers can  produce  with  the  greatest  possible  safety  and  give  to  the 
civil  engineer  the  desired  guarantee. 

The  first  very  modest  trials  to  build  bridges  of  mild  steel  were 
made  in  Konigsberg,  in  the  years  1882  to  1884,  by  the  building  of  two 
road  bridges  of  moderate  size.  Then  followed  the  erection  of  a 
bridge  of  larger  dimensions  in  Hamburg,  which  was  executed  by  the 
author  of  this  paper  for  the  State  of  Hamburg.  The  bridge  served  for 
the  use  of  pedestrians  and  carriages,  and  also  for  two  sets  of  railway 
lines,  and  was  the  first  railway  bridge  in  Germany  made  of  mild  steel. 
After  the  successful  completion  of  this  work,  more  bridges  were  built 
of  mild  steel  in  Hamburg. 

The  Prussian  Railroad  Board  then  used  the  same  material.  At  first 
it  was  tried  with  a  small  railway  bridge,  and  a  bridge  of  larger  dimen- 
sions is  at  present  under  construction,  crossing  the  Eiver  Weichsel. 
Recently,  other  railway  boards  have  also  begun  the  use  of  this  ma- 
terial in  bridges,  so  that  the  use  of  mild  steel  for  these  purposes  has 
found  the  right  direction. 

All  these  expectations  will  be  advanced,  nevertheless,  by  creating 
uniform  specifications  for  mild  steel  constructions. 

The  three  great  associations  of  German  engineers,  viz. : 

(1)  ' '  Der  Verband  deutscher  Architecten  und  Ingenieur  Vereine, " 

(2)  "Der  Verein  deutscher  Ingenieure," 

(3)  "  Der  Verein  deutscher  Eisenhiittenleute, " 

constituted  in  the  year  1891,  a  committee  for  examining  this  question, 


WEYRICH  ON  THE  USE  OF  BASIC  MILD  STEEL.  227 

and  this  committee  formulated  a  standard  specification,  which  was 
agreed  to  by  the  above-mentioned  associations,  and  as  the  assent  has 
been  promised  by  the  German  official  authorities,  this  will  become  the 
standard  for  Germany. 

Before  they  entered  into  the  deliberation,  the  question  was  raised 
whether  these  specifications  should  extend  to  the  material  used  for 
ship- building.  But  everybody  was  convinced  that  this  was  not  advisa- 
ble. The  material  used  in  Germany  and  abroad  for  ship-building  pur- 
poses is  of  harder  quality  than  the  mild  steel  used  for  buildings,  and  it 
would  be  a  serious  matter  to  bring  forward  an  alteration  for  Germany 
only,  on  account  of  the  classification  of  ships. 

The  principal  conditions  agreed  upon  were  as  follows  : 

The  mild  steel  must  show  a  smooth  surface  without  flaws  and 
blisters  and  shall  not  have  cracks  on  the  edges  and  must  be  sound 
in  all  parts. 

If  an  examination  by  charges  is  agreed  to,  every  sample  put  before 
the  official  has  to  bear  the  same  mark  as  the  charge. 

Of  each  charge  submitted  for  apjaroval  only  three  samples  are 
alloAved  to  be  taken;  the  highest  number  allowed  out  of  each  20  pieces, 
or  20  pieces  on  which  work  has  been  commenced,  is  one  sample;  these 
are  to  selected  and  to  be  used  for  testing  under  the  following  conditions: 

If  an  examination  by  charges  was  not  agreed  to,  the  selection  for 
testing  of  five  samples  out  of  each  100  may  be  allowed;  the  highest 
number  allowed  is  one  sample  out  of  each  2  000,  or  commenced  2  000, . 
kg.  of  the  material  laid  down  for  approval.  In  both  cases  they 
should  use,  if  i^ossible,  the  waste  ends  of  the  material.  If  all  the  tests 
correspond  with  the  specified  conditions,  the  resi^ective  material  must 
be  recognized  as  accepted.  For  each  unsatisfactory  sample  of  the 
respective  material  two  others  may  be  taken.  If  any  sample  of  these 
should  fail  to  satisfy  the  conditions  laid  down,  the  whole  quantity  of 
material  must  be  rejected. 

The  following  specifications  are  established  for  material,  which  is 
from  7  to  28  mm.,  or  i  to  1^  ins.,  thick;  for  other  thicknesses  special 
agreements  are  to  be  made. 

A.  MncJiine  Tests. — The  material  is  to  have  an  ultimate  tensile 
strength  in  the  longitudinal  direction  of  not  less  than  37  kg.  per 
•square  millimeter,  or  52  600  lbs.  per  square  inch,  and  not  more  than  44 
kg.  per  square  millimeter,  or  62  600  lbs.  per  square  inch,  with  an 
elongation  of  not  less  than  20  per  cent. 

In  the  transverse  direction  the  tensile  strength  to  be  from  36  to  45 
kg.  i)er  square  millimeter,  or  51  200  to  64  000  lbs.  per  square  inch,  the 
elongation  being  at  least  17  per  cent. 
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For  rivets  and  bolts  a  tensile  strength  of  not  less  than  36  kg.,  and 
not  more  than  42  kg.,  per  square  millimeter,  or  between  51  200  and 
59  700  lbs.  per  square  inch,  the  elongation  being  22  per  cent. 

B.    Various  Tests. — 1.  Flat-iron,  special  iron  and  plates. 

a.  Bending  tests. 

Samples  are  to  be  taken  both  from  the  longitudinal  and  trans- 
verse direction  and  to  be  heated  properly  to  a  low  cherry -red  and  to 
be  quenched  in  water  of  about  28°  Celsius,  and  then  to  be  bent  to  a 
looji,  with  an  inner  diameter  equal  to  the  thickness  of  the  sample 
for  longitudinal  tests  and  double  the  thickness  of  the  sample  for  cross 
tests.  The  longitudinal  tests  shall  not  show  any  cracks;  whereas,  the 
cross  tests  may  show  such  on  the  surface  of  no  great  importance. 

h.   Test  for  red-shortness. 

A  samjale  of  6  mm.,  or  i  in.,  thickness,  and  about  40mm.,  or  li  ins. 
breadth  is  to  be  forged  while  red  hot  and  to  be  punched  in  this  con- 
dition with  a  tapered  punch  80  mm. ,  or  3  ins. ,  long  and  30  mm. ,  or  li 
ins.,  in  diameter  at  the  large,  and  20  mm.,  or  J  in.,  in  diameter  at  the 
small,  end.  The  20-mm.,  or  i-in.,  hole  is  to  widen  to  30  mm.,  or 
li  ins.,  in  diameter,  without  causing  any  cracks. 

2.  Rivets  and  bolts. 

a.  Bending  tests. 

Round  bars,  after  having  been  properly  heated  to  a  low  cherry -red 
and  quenched  in  water  of  about  28°  Celsius,  must  be  capable  of 
being  bent  to  a  loop  of  which  the  diameter  is  not  greater  than  half  the 
diameter  of  the  sample,  and  must  then  not  show  any  cracks. 

b.  Riveting  tests. 

A  sample  of  a  screw  bolt  or  rivet  with  a  length  of  double  its  diameter 
is  to  be  heated  uniformly  to  the  corresiJonding  heat  at  which  it  will 
be  used;  it  then  is  to  be  upset  to  one-third  of  its  original  lengthy 
without  showing  any  cracks. 

The  samples  of  bars  to  be  used  for  tensile  tests  are  to  be  cut,  when  cold, 
from  the  piece  submitted  for  approval  and  to  be  worked  in  a  like  manner. 

The  damages  which  may  result  from  shearing  or  from  punching 
the  material  are  to  be  removed.  Annealing  is  to  be  avoided,  if  the 
piece  itself  is  not  to  be  annealed  during  working.  The  skin  of  the 
samples  taken  for  testing  is  not  to  be  destroyed. 

As  a  rule  the  samjjles  ought  to  have  a  length  of  200  mm.,  or  8  ins., 
and  300  to  500  sq.  mm.  or  |  to  J  sq.  ins. ,  of  transverse  section. 

Round  bars  of  less  than  20  mm. ,  or  J  in. ,  diameter  should  have  a 
length  equal  to  10  times  the  diameter. 

At  each  end  of  the  proper  testing  length  the  samples  are  to  be  kept 
longer  aT)out  10  mm.  or  I  in. ,  with  the  same  section. 

When  the  test  has  been  made,  and  the  fracture  taken  place  above 
or  below  the  middle  third  part,  and  if  it  then  does  not  show  the 
expected  elongation,  the  test  must  be  i-ej^eated. 
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The  machine  for  testing  must  be  open  for  easy  inspection  for 
exactness. 

The  samples  to  be  selected  for  bending  tests  are  to  have  30  to  50 
mm.  or  li  ins.  to  2  ins.  breadth,  or  a  round  bar  of  such  a  thickness  as 
will  be  used  afterwards. 

All  samples  are  to  be  prepared  when  cold,  and  the  edges  are  to  be 
smoothed  oif. 

Every  working  of  the  mild  steel  is  to  be  done  cold,  or  at  least  in 
red-hot  condition.  All  work  under  conditions  between  these  two 
temperatures  is  to  be  avoided  as  much  as  possible.  If  this  cannot  be 
avoided,  then  the  finished  material  is  to  be  annealed  in  a  proper  way. 

If  mild  steel  is  sheared,  then  the  material  next  to  the  section  is  to 
be  taken  off  by  planing  or  shaping  to  a  depth  of  2  mm.  or  to  in. ,  ex- 
cepting in  more  unimportant  parts,  such  as  lining  pieces,  etc. 

All  bolt  and  rivet  holes  are  to  be  drilled,  with  the  exception  of 
those  in  lining  pieces,  which  may  be  punched.  The  burr  in  the  holes 
is  to  be  carefully  removed  before  fitting  and  riveting  the  pieces. 

Eiveting  at  the  place  of  erection  is  to  be  avoided  when  possible. 

Rules  regarding  the  manner  in  which  the  manufacture  of  mild  steel 
is  to  be  performed  have  not  been  proposed.  ' 

Mild  steel  of  either  basic  or  acid  origin  may  always  be  passed  for 
application.  The  Bessemer  steel  of  course  will  not  be  recognized  as  a 
suitable  material,  as  it  cannot  be  produced  under  the  above-mentioned 
conditions. 

The  requirements  of  the  specifications  are  that  the  mild  steel  shall 
shall  be  worked  in  the  same  state  as  when  it  left  the  rolling  mill.  A 
material  of  the  proposed  mildness  does  not  require  annealing. 

Through  annealing  the  material  is  liable  to  warjj,  and  therefore  has 
to  be  straightened  again,  the  consequence  being,  if  this  is  not  done 
with  good  tools,  that  new  strains  will  arise  instead  of  all  strains  being 
removed. 

The  acceptance  of  mild  steel  by  charges  was  left  to  be  a  matter  of 
judgment,  and  accordingly  the  application  of  marks  on  the  rolled  steel 
will  not  be  insisted  upon.  A  great  deal  of  the  ordinary  steel  which 
consumers  require  to  cover  their  current  need,  will  be  taken  from  the 
ironmonger  and  not  bought  from  the  steel  works;  for  this  reason  the 
acceptance  by  charges  will  not  be  practicable.  This  material  cannot 
be  measured  with  the  scale  of  conditions  of  the  standard  rules,  as 
this  would  only  tend  to  make  the  material  unnecessarily  costly. 
Material  manufactured  with  the  standard  rules,  being  used  for  all 
more  important  purposes,  would  be  warranted  only  by  i^utting  on  the 
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number  of  the  charge,  and  at  the  same  time  adding  on  it  the  name  of 
the  manufacturing  steel  works  in  order  to  base  any  claims  on  its  identity. 
To  these  two  marks  a  third  one  should  be  added,  as  a  sign  that  the 
material  will  conform  to  the  standard  rules  laid  down.  Putting  all 
three  stamps  on  the  material,  many  finishing  rollers  being  used  both 
for  wrought  iron  and  steel,  would  be  impracticable  for  different 
reasons.  Relief  stamps  may  hinder  proper  fitting  when  connections 
are  made  with  straps,  and  stamps  sunk  in  will  cause  a  reduction  in  the 
area  of  the  transverse  section.  It  will  be  better,  therefore,  to  do  with- 
out any  marking  if  possible.  The  standard  rules  are  laid  down  in  order 
to  insure  a  reliable  material  for  buildings  requiring  an  absolute  cer- 
tainty. In  such  cases  the  material  will  not  be  bought  from  the  iron- 
monger, but  is  to  be  manufactured  under  special  inspection  according 
to  the  standard  rules,  and  is  then  to  be  tested  by  charges,  as  jDreviously 
mentioned.  The  expense  of  this  method  of  testing  seems  to  be  justi- 
fied for  such  purposes,  and  is  comparatively  of  little  moment,  as  in 
most  cases  large  quantities  are  dealt  with. 

The  testing  conditions  relate  only  to  thicknesses  of  from  7  to  28  mm. 
or  i  in.  to  1^  in.,  as  for  all  purposes  outside  of  this  limit  the  conditions 
would  scarcely  be  possible.  Material  below  7  mm.  or  i  in.  will  be 
cooled  down  too  much  during  rolling,  and  will  consequently  be  too 
hard,  the  strength  increases,  while  the  elongation  diminishes.  A 
material  above  28  mm.  or  1^  in.  thick  has  not  all  been  properly  worked, 
and  will  therefore  not  answer  the  conditions  laid  down. 

The  most  important  factor  is  the  strength  in  combination  with  the 
elongation  of  the  material.  It  has  been  stated  already  that  only  the 
milder  kind  of  steel  can  be  used.  Only  a  material  that  is  free  from 
hard  places  can  give  a  guarantee  as  to  its  security.  The  hardening 
destroys  the  tenacity  and  therefore  makes  the  material  unreliable  in 
use,  and  working  at  different  degrees  of  temperature  will  create  internal 
strains.  Steel  of  an  ultimate  tensile  strength  of  50  kg.  or  71  100  lbs., 
sujjposing  normal  chemical  composition,  approaches  the  limit  of 
hardening.  The  highest  limit  for  the  ultimate  tensile  strength  was 
made  62  GOO  lbs. ,  so  as  to  keep  clear  of  all  inclination  to  hardening.  But 
the  lowest  strength  has  also  its  limit,  because  the  material  will  become 
too  soft  and  difficult  to  be  worked.  The  lower  limit  of  23  tons  seems 
practicable,  and  this  leaves  a  play  of  10  000  lbs.  in  the  production  of 
mild  steel  for  building  purposes.    Perhaps  this  limit  may  be  deemed  too 
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wide  by  many,  as  materials  of  52  600  and  62  600  lbs.  ultimate  strength 
aie  relativeh-  of  different  nature.  But  it  must  be  said  tliat  with  equal 
chemical  composition,  and  independent  of  the  manufacturing  works, 
the  material  appears  to  still  have  great  fluctuations  in  the  limit  of 
strength. 

The  heat  of  the  charges  at  the  beginning  and  the  end,  the  position 
in  the  hearth  or  ingot,  the  subsequent  working  and  treatment,  the 
ratio  of  the  surface  of  the  finished  material  to  the  transverse  section, 
the  pressure  during  rolling  in  the  different  parts  of  the  material,  as  in 
the  flanges  or  the  web  of  special  steels,  the  length  of  the  manufac- 
tured pieces,  as  well  as  the  place  from  which  the  sample  is  taken,  either 
from  the  middle  or  ends,  all  may  influence  the  strength  of  the  material; 
for  instance,  there  exists  a  certain  difference  of  strength  between 
plates  and  special  steel  in  consequence  of  their  being  rolled  in  different 
ways,  although  the  chemical  constitution  is  the  same  in  both  cases. 
Taking  all  these  circumstances  into  consideration  it  may  be  deemed 
necessary  to  allow  the  stipulated  limit. 

For  bars  to  be  used  in  tension  and  compression,  no  different  ma- 
terial is  prescribed,  although  it  is  not  to  be  mistaken  that  safety  in 
compression  makes  it  desirable  to  introduce  a  harder  material.  The 
elongation  was  fixed  at  the  limit  of  20"o  in  order  to  insure  a  material 
of  sufficient  tenacity.  A  material  of  this  quality  can  be  made  as  easily 
by  the  Siemens-Martin  process  as  by  the  Thomas  process  with  the 
ordinary  rolling  plant. 

Special  specifications  were  stated  for  tests  in  the  transverse  direction 
of  the  material.  The  supposition  that  mild  steel  is  to  such  an  extent 
homogeneous  that  there  are  no  differences  as  to  its  properties  in  the 
longitudinal  or  transverse  direction  cannot  be  definitely  accepted.  The 
unavoidable  air  holes  which  are  present  in  ingots  before  rolling  takes 
place,  will  be  lengthened  longitudinally  as  long  as  rolling  is  done  in 
the  same  direction  ;  whereas,  they  will  be  crushed  by  being  rolled 
transversely  and  longitudinally.  In  the  first  case  the  cross  tests  taken 
from  this  material  would  not  give  such  satisfaction  as  the  longitudinal 
tests  of  the  same  material,  the  elongation  being  at  the  same  time 
diminished.  For  this  i-eason,  and  in  order  to  avoid  complication,  there 
will  not  be  required  the  same  elongation  in  cross-tests,  either  for 
plates  or  for  special  steel  shapes. 

The  results  of  tensile  strength  developed  in  cross  tests  vary  so  much 
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that  it  lias  been  considered  necessary  to  give  a  wider  margin  in  every 
direction,  of  about  1  400  lbs.,  from  51 200  to  64  000  lbs.  -per  square  inch. 

For  rivet  and  bolt  steel  a  material  of  greater  mildness  than  the  con- 
struction material  is  recommended.  The  enormous  changes  of  form 
developed  during  working,  especially  in  rivets,  make  it  necessary  to 
have  a  material  of  the  highest  ductility  and  tenacity.  For  this  reason 
the  elongation  and  the  corresponding  strength  have  been  fixed  as  laid 
down  in  the  sijecification. 

Besides  these  conditions  regarding  strength  and  elongation,  normal 
rules  are  laid  down  relative  to  mechanical  tests  as  to  working,  in  order 
to  ascertain  in  another  way  whether  the  material  is  too  hard,  or  too 
mild. 

The  total  testing  length  of  the  samples  is  fixed  throughout  at  200 
mm. ,  or  8  ins.  Only  with  round  steel  of  less  than  20  mm.  or  f  in. , 
diameter,  should  the  length  be  reduced  to  10  times  the  diameter.  If 
the  length  of  200  mm.  or  8  ins.,  should  be  insisted  on,  the  prescribed 
elongation  could  not  be  maintained  throughout,  because,  with  a  de- 
crease in  the  sectional  area,  the  elongation  at  the  breaking  point  also 
diminishes. 

As  a  rule  the  sectional  area  should  be  between  300  sq.  mm.  (equal  J 
sq.  in.),  and  500  sq.  mm.  (equal  |  sq.  in.),  larger  differences  being  ex- 
cluded. The  elongation  would  be  influenced  too  much.  In  these  limits 
there  already  exist  large  differences.  A  bar. of  300  sq.  mm.  or  J  sq.  in., 
sectional  area,  which  has  20/^  elongation,  would  otherwise  under  equal 
conditions  have  23^o  elongation,  having  a  sectional  area  of  500  sq. 
mm.  or  J  sq.  in.  Therefore  it  is  not  advisable  to  have  too  great  a 
margin. 

If  the  fracture  takes  place  outside  the  middle  third  of  the  tested 
length,  the  samples  are  to  be  rejected  in  case  the  elongation  is  insuf- 
ficient, because  under  these  conditions  the  elongation  cannot  be  taken 
into  full  account. 

If  possible  the  skin  of  the  material  should  not  be  broken,  as  it  has 
been  found  by  experience  that  this  diminishes  the  ratio  of  elongation. 
There  are  no  conditions  laid  down  relative  to  the  sectional  form  of 
sami:)les,  although  the  amount  of  elongation  is  influenced  by  the 
form  of  section.  Yet  such  form  must  be  taken  into  consideration,  and 
the  conditions  laid  down  for  elongation  are  so  arranged  as  to  enable 
the  same  results  to  be  obtained  with  less  favorable  sectional  forms. 
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With  regard  to  the  chemical  composition  of  mild  steel,  no  rules 
have  been  laid  down.  It  will  be  accej^ted  that,  if  the  physical  tests  as 
fixed  by  the  specifications  are  satisfied,  then,  also,  will  the  chemical 
composition  be  f)roper.  But  this  does  not  apply  to  every  case.  For 
one  reason  the  chemical  admixtures  cannot  be  gauged  by  mechanical 
tests,  and  for  another  reason  it  may  be  possible  to  conceal  bad  quali- 
ties by  a  change  in  the  mixing  of  different  elements  to  that  extent  that 
they  will  not  be  discovered  when  tried  under  the  prescribed  tests, 
while  in  other  respects  they  may  appear  afterwards.  At  all  events, 
specifications  concerning  chemical  composition  would  considerably 
complicate  the  conditions  as  being  difficult  to  execute.  It  may  be  said, 
that  the  ores  of  Westphalia  and  the  Khine  district,  worked  to  basic 
mild  steel,  furnish  a  finished  material  which  has  the  following  chemical 
comjjositition  : 

Carbon 0.09>^ 

Manganese 0.35^ 

Phosphorus 0.05^^ 

Silicon. 0.01  j^o^ 

Sulphur 0.04,%' 

The  sulphur  is  rather  high,  as  the  German  ores  contain  a  good  deal 
of  it,  and  as  the  basic  process  cannot  remove  it  sufficiently.  But 
recently,  however,  with  the  introduction  of  mixing  apparatus  in 
which  all  the  runnings  of  the  blast  furnaces  will  be  gathered,  a  pro- 
cess has  been  introduced  through  which  a  considerable  amount  of 
sulphur  is  being  expelled,  so  that  at  the  ijresent  time  the  basic  mild 
steel  can  be  produced  of  greater  purity. 

With  regard  to  the  allowed  strain  in  mild  steel  no  specifications 
could  be  agreed  upon,  as  this  would  exceed  the  purj)ose  and  should 
be  left  entirely  to  the  constructor. 

With  all  bridge  constructions  hitherto  made  in  Germany,  the  con- 
ditions for  wrought  iron  have  been  employed  throughout,  which  allow 
in  general  a  strain  to  be  taken  as  high  as  7  kg.  per  square  millimeter, 
equal  to  10  000  lbs.  per  square  inch.  An  exception  was  made  when 
building  the  previously  mentioned  bridge  at  Hamburg  where  the  strain 
was  raised  to  9  kg.  per  square  millimeter,  or  12  800  lbs.  i^er  square  inch. 
The  weight  saved  by  this  means  amounted  to  about  25  per  cent.  It 
is  to  be  hoped  that  t^e   regulations   regarding   strain   will   soon    be 
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made  general,  and  that  a  higher  strain  will  be  admitted  for  mild  steel 
than  that  allowed  at  present  for  wrought  iron. 

Though  mild  steel  does  not  possess  any  considerably  higher  ulti- 
mate tensile  strength  compared  with  wrought  iron,  yet  the  ratio  of 
elasticity  is  miich  higher  ;  it  being  in  wrought  iron  about  16  kg. , 
equal  to  22  800  lbs.,  and  in  mild  steel  about  24  kg.,  equal  to  34  100 
lbs.,  an  excess  of  50  per  cent. 

As  many  civil  engineers  design  with  a  fraction  of  ratio  of  elasticity, 
for  instance  with  the  half  of  it,  the  strain  in  wrought  iron  would  be 
7  kg.,  equal  to  10  000  lbs.,  and  in  mild  steel  10.5  kg.,  equal  to  15  000 
lbs.  If  it  is  not  advisable  to  go  so  far,  it  will  be  at  all  events  allow- 
able to  introduce  a  partial  increase  of  the  strain  for  the  material, 
which  may  be  fixed  perhaps  at  9  kg. ,  or  12  800  lbs.  Through  this  the 
question  of  cost  would  be  favorably  influenced. 

Mild  steel  can  be  produced  at  a  lower  rate  than  wrought  iron,  the 
average  price  being  at  present  5/^  lower.  Another  advantage  is  that  a 
greater  strain  may  be  allowed,  which  makes  it  in  the  end  a  decidedly 
more  economical  material.  These  combined  advantages,  together 
with  higher  qualities,  will  evidently  secure  the  future  of  mild  steel, 
and  every  extended  ai^plication  of  such  metal  in  general  will  advance 
its  use.  Not  only  are  foundations  by  piles,  grillages,  sheet  pilings  of 
iron  now  made  of  it,  but  the  framework  for  warehouses,  etc.,  is 
beginning  to  be  made  of  the  same  material,  and  the  extension  of  iron 
building  is  going  on  in  all  departments. 

It  is  to  be  hoped  that  no  reaction  will  take  place,  and  that  those 
tendencies  will  not  grow  that  incline  toward  the  introduction  of  a 
harder  kind  of  steel  in  order  to  obtain  a  higher  limit  of  strain,  and  as 
a  consequence  a  more  economical  construction. 

Hopes  are  entertained  that  mild  steel  will  be  produced  from  iron 
and  carbon  only  without  containing  other  chemical  substances,  and 
that  in  this  manner  the  quantity  of  carbon  could  be  increased  so  far 
as  to  give  to  the  material  such  strength  that  a  higher  strain  can  be 
employed.  But  the  fact  is  overlooked  that  there  still  remains  the 
possibility  of  hardening,  with  its  dangerous  consequences.  Especially 
for  bridge-building  purposes  this  material  would  prove  very  unsuit- 
able. 

The  custom  in  Germany,  in  constructing  bridges  of  many  pieces 
and  connecting  them  with  rivets,  closely  pitched,  does  not  apjjear  to 
be  practicable  for  the  use  of  a  harder  material.  Another  method  of 
construction  might  be  substituted,  perhaps  the  application  of  eye-bars, 
as  is  often  sesn  in  America.  Even  then,  the  introduction  of  a  harder 
steel  would  be  of  doubtful  utility.  It  is  therefore  urgently  desirable 
that  the  previously  approved  mild  steel  may  still  continue  to  be  used 
for  all  constructions,  without  any  alteration  whatever. 
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Prepared   for  the   International    Engineering  Congress  of   the 
Columbian  Exposition,  1893. 


Preliminary  Observations. — The  questions  relating  to  the  plant  of 
maritime  commercial  ports,  which,  for  a  long  time,  were  considered, 
at  least  in  France,  as  being  of  relatively  secondary  importance,  have 
for  some  years  taken  a  commanding  place  in  the  attention  of  all  those 
who  are  interested  in  the  develojDment  and  prosperity  of  maritime 
ports,  and  great  efforts  have  been  made  on  all  sides  to  endow  French 
ports  with  the  means  necessary  to  carry  on  their  work  in  the  most 
rational  manner  possible. 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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The  object  of  this  paper  is  to  give  a  general  review  of  the  progress 
made  in  this  direction,  during  the  last  10  years,  in  the  more  recent  in- 
stallations. This  rapid  review  will  indicate  the  princii^les  which,  it 
seems  to  the  writer,  should  guide  in  similar  works. 

It  is  first  of  all  necessary  to  define  what  is  meant  by  the  plant  of 
a  commercial  port.  This  name  is  given  to  the  whole  group  of  appli- 
ances which,  while  not  indispensable  to  the  existence  of  maritime 
traffic,  facilitate  its  operations,  render  them  more  rapid  and  less  oner- 
ous, or,  in  a  word,  ameliorate  the  conditions  of  work.  In  other 
terms,  equipping  a  port  is  to  get  from  it  the  greatest  possible  amount 
of  essential  work,  from  its  basins  and  its  quays,  by  fitting  it  out  in  the 
most  profitable  manner. 

The  capstans  which,  placed  in  the  wing  walls  of  the  locks,  facili- 
tate and  expedite  the  passage  of  vessels;  the  mechanisms  which  render 
the  movements  of  gates  and  bridges  more  rapid;  the  machines  which 
operate  the  discharge  of  merchandise;  the  sheds  which  shelter  it  during 
the  loading  and  unloading;  the  warehouses  where  it  accumulates;  the 
special  arrangements  necessary  to  certain  particular  classes  of  com- 
merce— these  are  some  of  the  appliances  which  are  to-day  necessary  to 
the  life  of  a  large  maritime  port  and  constitute  its  commercial  plant. 
Perhaps  the  dry  docks  in  which  vessels  can  be  repaired  and  rendered 
seaworthy  should  be  added. 

A  double  cause  has  retarded  for  a  long  time  in  France  the  complete 
organization  of  a  perfect  plant. 

First  of  all,  these  individual  parts  of  one  whole  do  not  originate  in 
the  same  source  and  under  one  administration ;  the  State  Constructor  of 
the  Port  usually  furnishes  it  Avith  dry  docks,  and  always  attends  to  the 
lifting  engines  on  the  locks;  the  railway  companies  construct  the  tracks 
on  the  quays;  the  Chambers  of  Commerce,  ordinarily,  build  the  sheds 
and  put  in  motion  the  machinery  for  loading  and  unloading;  separate 
organizations  build  the  warehouses,  and,  in  general,  there  is  no  one 
who  can  give  attention  to  the  special  arrangements  necessary  to  draw 
to  a  port  a  special  commerce. 

This  diversity  of  the  powers  of  many  administrations  which,  never- 
theless, should  co-operate  to  one  end,  entails  in  practice  many  difficul- 
ties, and,  in  addition  to  this,  the  Constructor  of  the  Port,  who  should 
have  a  primary  interest  in  its  proper  working,  has  not  the  control  over 
the  plant  which  should  belong  to  him.     The  plant  is  not  only  a  facility 
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given  to  commerce,  but  it  is  an  element  of  economy  in  the  hands  of  the 
Constructor  of  the  Port,  which  permits  him  to  double  and  triple  the 
usefulness  of  its  quays  and  its  terre-pleins,  and,  consequently,  dimin- 
ish the  development  of  works  which  are  so  costly  to  establish. 

Now,  it  must  be  recognized  that  the  direct  and  palpable  profit  of  the 
plant  is  not  always  very  great,  and  that  often  it  is  impossible  for  the  dif- 
ferent parts  which  compose  it  to  carry  by  themselves  the  expense  of 
their  own  working,  the  payment  of  interest  and  the  liquidation  of  their 
cost  of  construction,  and  this  explains  the  hesitation  of  those  inter- 
ested in  establishing  them;  but  if  this  direct  profit  is  sometimes  debat- 
able, the  indirect  benefit  is  always  large,  and  even  if  the  individual 
account  of  the  sheds,  the  warehouses,  or  the  machinery  for  loading 
and  unloading  should  not  show  a  profit,  their  establishment  would, 
nevertheless,  have  procured  to  the  jiort  which  possesses  them 
many  compensating  advantages  which  would  in  the  end  justify  the 
means. 

To  these  difficulties,  resulting  from  the  conditions  of  administration 
operating  the  working  of  the  ports  of  France,  must  be  added  those 
which  are  met  with  in  the  old  ports,  where,  on  the  one  hand,  local 
habits  of  long  standing  have  acquired  considerable  force,  and  have 
become  difficult  to  modify,  at  least  suddenly;  or,  on  the  other  hand,  the 
outlines  of  the  works  themselves  are  not  well  adapted  to  methods  of 
work  which  were  not  foreseen  at  the  time  of  their  construction. 
This  is  the  condition  existing  in  the  majority  of  French  ports;  it  is 
forcible  from  many  points  of  view,  and  has  contributed  not  a  little  to 
increase  the  difficulties  to  be  met  from  the  special  point  of  view  which 
noAV  occupies  our  attention. 

To-day  most  of  these  difficulties  have  been  overcome  almost  al- 
together by  reason  of  the  more  intimate  association  which  has  arisen 
between  the  Chambers  of  Commerce  and  the  State  for  the  construction 
of  new  works,  and  under  the  spur  of  the  most  absolute  need  which 
rendered  it  necessary.  It  should  not  be  supposed,  to  be  sure,  that 
there  does  not  remain  much  to  be  done,  and  this  the  more  as  methods 
imjjrove,  and  as  needs  continually  change,  but  it  is  nevertheless  true 
that  a  considerable  step  has  been  accomplished  and  that  a  glimpse  can 
now  be  had  of  the  approaching  moment  when  French  ports  need  not 
be  envious  in  the  matter  of  i^lant  of  the  most  favored  among  their 
competitors. 
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The  following  table  gives  the  comparative  situation,  for  the  princi- 
pal ports  of  France,  of  the  development  of  the  tracks,  sheds  and 
machinery  for  loading  and  unloading  in  1884  and  1893,  and  shows  the 
activity  which  has  been  displayed  during  this  period  in  the  improve- 
ment of  the  plant  of  these  ports. 
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Objects  of  the  Plant. — The  functions  of  commercial  ports,  of  the  large 
ones  above  all,  are  complex,  and  the  changes  made  in  commercial 
habits  emphasize  each  succeeding  day  the  double  role  they  play.  The 
growing  facilities  of  communication,  which  multiply  incessantly 
between  the  various  portions  of  the  globe,  have  as  a  natural  con- 
sequence the  drawing  nearer  together  of  producer  and  consumer  and 
consequently  the  rapid  development  of  transit. 

It  has  become  common  to-day  to  say  that  commercial  ports  may, 
from  this  point  of  view,  be  considered  simply  as  supplementary  to  in- 
ternal ways  of  communication  (railways  and  water-ways),  and  as  an 
integral  part  of  one  large  transfer  station,  where  the  sea-going  vessel 
meets  the  cars  or  river  craft,  and  where,  even  if  the  method  of 
transport  changes,  the  movement  should  not  be  stopped.  But  in  ad- 
dition to  this  role,  the  imiiortance  of  which  is  increasing,  the  large 
ports  add  a  second,  not  less  essential  because  it  affects  the  large  com- 
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mercial  markets  like  those  of  Havre  or  Marseilles;  it  is  that  of  the 
bonded  warehouse.  Certain  goods  shoiild  in  fact  remain  in  place  and 
undergo  a  warehousing,  more  or  less  long,  waiting  until  they  are  sold 
or  until  again  shipped,  either  by  way  of  the  harbor  itself  or  toward 
the  interior.  Large  markets,  which  are  necessary  to  the  life  of  com- 
merce, will  not  be  successful  without  an  accumulation  of  goods,  some- 
times large,  and  the  port  then  plays  the  part  of  a  vast  regulator,  holding 
in  its  warehouses,  at  certain  epochs,  the  production  of  far-off  countries, 
in  order  to  restore  it  during  the  rest  of  the  year  to  the  consumer. 

This  double  part  played  by  the  ports  indicates  at  once,  as  should 
be  foreseen,  that  it  is  impossible  to  make  general  rules  and  to  fix 
in  a  i^recise  way  what  should  constitute  the  plant  of  a  port;  it  follows 
that  when  one  of  the  two  characters  above  indicated  predominates, 
the  installations  themselves  take  a  different  character. 

For  direct  transit  operations  the  quays  may  be  very  narroAV,  dis- 
charging cranes  and  some  lines  of  track,  parallel  to  the  quays,  well 
connected  with  a  distributing  station,  suffice;  when  the  transit  operates 
on  goods  which  must  be  handled  or  have  a  preliminary  examination, 
the  terre-plein  should  become  larger  and  the  depot  areas,  either 
covered  or  not  covered,  should  be  on  the  same  scale;  if  the  goods 
handled  must  be  bonded  in  the  port,  the  installations  should  become 
more  complete,  and  large  warehouses,  provided  with  all  the  necessary 
mechanisms,  should  be  erected  along  the  quay. 

It  seems  that  it  would  be  at  least  easy  in  each  port  before  it  takes  part, 
to  a  greater  or  less  extent,  in  the  divers  kind  of  operations  indicated,  to 
specialize  the  quays,  to  prepare  some  for  transit,  others  for  storage. 

While  this  is  evidently  the  object  which  should  be  attempted,  it  is 
not  always  easy  to  make  a  complete  distinction;  first  of  all,  the  same 
vessels  very  often  bring  cargoes  whose  destination  is  very  different, 
and  such  cargoes  come  more  and  more  in  the  large  cargo-boats,  some 
of  which  carry  to-day  nearly  6  000  tons  of  freight. 

In  the  second  place,  it  is  necessary  to  remember  the  fact  that  the 
number  of  new  basins  in  each  port  capable  of  receiving  the  largest 
vessels  is  generally  very  limited,  on  account  of  the  rajaid  increase  in 
the  dimensions  of  shijas,  and  that  it  is,  therefore,  indispensable  to 
arrange  these  basins  in  such  a  manner  as  to  permit  them  to  accom- 
plish the  different  kinds  of  operations.  It  has  also  been  the  custom 
in  France,  in  most  of  the  basins  constructed  lately,  to  constitute  a  plant 
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which,  while  defective  for  transit  and  for  warehouses,  permits  the  quays 
to  render  at  least  the  double  service  which  may  be  demanded  of  them. 

Railway  Tracks. — The  tracks  are  the  most  essential  portion  of  the 
equipment  of  ports;  the  laying  of  them  along  the  quays,  while  neces- 
sary for  direct  transit,  is  also  useful  for  connecting  them  with  the 
public  warehouses  and  the  industrial  establishments.  For  the  pur- 
pose of  an  active  transit,  three  lines  placed  lengthwise  along  the  quay 
are  indispensable,  these  lines  being  moreover  connected  with  each 
other  by  switches,  at  distances  which  do  not  exceed  the  length  of 
a  vessel,  in  such  manner  as  to  bring  empty  cars  before  each  discharg- 
ing vessel  and  to  take  aAvay  loaded  cars  without  interfering  with  the 
operations  of  neighboring  vessels.  This  plan  is  the  one  adopted  at 
Dieppe  on  the  coal  dock,  where  it  gives  entire  satisfaction  (Plate  I,  Fig.  5). 

On  the  new  quays  of  the  ports  of  Marseilles,  Havre  and  Dunkirk, 
where  the  transit  never  reaches  the  same  intensity,  it  is  not  necessary 
to  resort  to  a  similar  plan. 

The  tracks  at  Bellot  Basin,  at  the  Port  of  Havre,  are  arranged  in 
the  following  manner  (Plate  I,  Fig.  1) : 

Along  the  north  quay,  of  which  the  terre-plein  is  89  m.  wide,  three 
groups  each  of  two  tracks  are  arranged.  The  first  group,  with  track 
centers  at  2.965  m.  and  6.83  m.  from  the  edge  of  the  quay,  is  intended 
principally  for  transit  operations;  the  one  of  those  lines  which  is  nearer 
to  the  quay  is  afterwards  included  between  the  two  rails  of  a  line  of 
cranes;  the  two  other  groups  are  situated  on  either  side  of  the  service 
road,  their  center  lines  being  at  57.785  m.,  and  62.785  m.,  and  at  81.785 
m.,  and  86.425  m.  from  the  edge  of  the  quay. 

The  first  of  these  groups  effects  the  loading  and  unloading  of  goods 
handled  on  the  terre-pleins,  and  the  second  serves  as  siding  and  reserve. 

Along  the  south  quay,  the  width  of  which  is  125  m.,  a  similar 
arrangement  of  tracks  is  adopted,  with  this  difference  only,  that  the 
group  of  side  and  sorting  tracks  can  be  increased  to  five  tracks  as 
soon  as  the  necessity  is  apparent. 

All  of  these  groups  of  lines  are  connected  at  frequent  intervals, 
and  the  system  has  been  worked  out  with  the  intention  of  permitting 
entire  trains  on  all  parts  of  the  lines.  The  use  of  turn-tables  has  been 
absolutely  prescribed,  a  sorting  platform  placed  at  the  extremity  of 
the  basin  is  connected  with  the  service  lines  of  the  quay  by  curves 
accessible  to  the  largest  rolling-stock  in  use  on  the  French  system,  the 


DESPRES  ON  THE  PLANT  OF  FRENCH  PORTS.  241 

smallest  radius  allowed  on  tlie  road  being  125  m.  For  serving  the  short 
quays  which  separate  the  two  tidal  basins  of  the  Bellot  Basin,  curves  of 
60  m.  radius  have  been  used,  in  order  to  avoid  putting  in  turn-tables. 

The  arrangement  of  the  lines  of  track  of  the  Freycinet  Basin  at 
Dunkirk  is  somewhat  analogous  to  that  of  the  Bellot  Basin,  but  the 
plan  of  the  inclined  tidal  basins  lends  itself  in  a  very  happy  way  to  a 
convenient  operation  by  railroads  (Plate  I,  Fig.  3). 

The  lines  which  operate  each  pier-wharf  are  five  in  number  and 
include  a  group  of  two  lines,  the  centers  of  which  are  at  3.25  m.  and 
10.75  m.  from  the  edge;  a  second  group  of  three  lines  is  placed  back 
of  the  sheds.  The  number  of  lines  of  these  two  groups  can  be  made 
respectively  three  and  five  if  that  becomes  necessary. 

As  all  the  tracks  are  connected  by  switches  to  the  lines  of  the  dis- 
tributing station,  approximately  140  meters  are  managed  by  right-angle 
connections,  by  means  of  turn-tables. 

In  the  new  wet  dock  of  the  Port  of  Calais  (Plate  I,  Fig.  4)  the 
system  of  tracks  ojierating  the  quays  has  been  considerably  developed 
by  the  Compagnie  du  Nord  with  the  hope  of  attracting  to  the  quays 
of  that  port  an  important  transit.  On  the  West  Quay  two  lines  are 
placed  along  its  edge,  and  a  group  of  five  lines  is  placed  in  the  rear 
of  the  distributing  platform  of  the  freight  depot.  On  the  East  Quay 
the  number  of  tracks  placed  along  the  edge  of  the  quay  is  now  three. 
The  two  groups  are  connected  from  jjlace  to  place  by  cross-overs 
furnished  with  turn-tables,  but  all  their  parts  are,  nevertheless,  acces- 
sible to  complete  trains  which  travel  only  over  curves  of  large  radius. 

The  quays  of  the  Port  of  Marseilles,  which  allow,  also,  a  consider- 
able development  of  tracks,  are  laid  out  on  lines  at  right  angles, 
which  are  less  favorable  to  railway  communication  than  those  of  the 
Freycinet  Basin ;  the  quays  of  the  old  basins  (Arene  and  Lazaret)  only 
communicating  by  turn-tables  with  the  tracks  of  access  to  the  maritime 
station.  This  plan,  notwithstanding  the  use  of  hydraulic  capstans, 
which,  while  lessening  the  inconvenience,  are  certainly  less  favorable  to 
large  freight  movements,  also  without  renouncing  meanwhile  the  use 
of  turn-tables  (which  in  all  the  Mediterranean  are  regarded  with  a  favor 
difficult  to  explain)  has  been  arranged  in  such  a  manner  as  to  connect 
by  curves  of  large  radius  the  tracks  which  operate  the  pier-wharfs  of  the 
Gare  Maritime  and  National  Basins  with  the  maritime  stations  (Plate  I, 
Fig.  9). 
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On  the  piers  each  quay  is  operated  by  three  railways,  one  of  which 
is  placed  near  the  edge  of  the  quay,  and  the  other  two  in  the  center  of 
the  pier,  where  there  is,  therefore,  a  grou.p  of  four  connected  tracks. 
On  the  Pinede,  which  is  reserved  for  mineral  ores  and  coal,  the  num- 
ber of  tracks  is  five,  divided  into  two  groups,  one  of  three  tracks 
l^laced  along  the  edge  of  the  quay,  and  another  of  two  tracks  at  some 
distance  in  the  rear  ;  these  two  groups,  being  connected  by  frequent 
right-angle  communications  jjrovided  with  turn-tables. 

The  three  important  maritime  and  sorting  docks,  which  at  Mar- 
seilles are  j^arallel  to  the  general  direction  of  the  port,  permit,  as  a 
consequence,  the  tracks  of  the  quays  to  be  easily  served,  and  from  this 
point  of  view,  as  from  many  others,  the  plant  of  this  large  port  is 
worthy  of  the  foremost  French  harbor. 

The  conditions  at  the  Port  of  Kouen,  where  the  quays  spread  out 
all  along  the  Seine,  and  do  not  allow  of  basins,  difl'er  from  those  of 
the  ports  which  we  have  just  reviewed;  the  tracks  which  serve  its 
quays  extend  along  on  each  bank,  not  the  least  difficulty  being  encoun- 
tered in  their  construction.  On  the  north  bank  of  the  stream,  three 
tracks,  connected  with  groups  of  distributing  tracks,  run  parallel  to 
the  quay,  a  single  track  is  placed  near  the  edge,  and  the  other  two  in 
the  rear  of  the  terre-plein;  on  the  south  bank,  two  tracks  run  along  the 
edge  of  the  qtiay,  and  a  single  one  is  placed  in  the  rear  of  the  terre-plein. 
If  the  development  of  these  tracks  is  on  a  smaller  scale  than  that 
of  some  of  the  ports  before  cited,  it  is  due  to  the  commanding  place 
occupied  at  Rouen  by  the  river  boating,  Avhich  performs  the  largest 
part  of  the  transportation  towards  the  interior. 

Sheda. — In  almost  all  the  ports  of  France,  the  construction  of  sheds, 
intended  to  shelter  goods  during  their  stay  on  the  terre-pleins,  has 
been  greatly  developed  ;  the  regular  lines  of  navigation  receive  in  the 
interval  between  the  times  of  deiJarture  merchandise  for  export,  often 
valuable,  which  must  sometimes  be  held,  awaiting  the  departure  of 
the  next  packet  ;  for  such  goods  the  shed  is  an  absolute  necessity. 
While  less  necessary  for  imported  cargoes,  which  can  in  general  be 
shipped  rapidly  towards  their  destination  (fluvial  lighters,  cars  or 
warehouses),  the  sheds  render,  nevertheless,  important  service  in 
accelerating  the  operations  of  unloading,  which,  by  their  use,  are  not 
interrupted  by  bad  weather. 

To  render  all  the  service  for  which   they  are  intended,  the  sheds 
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sliould  be  at  a  short  distance  from  the  edge  of  the  quay,  and  it  should 
be  easy  to  close  them.  In  almost  all  French  ports  the  distance  from 
the  face  of  the  sheds  to  the  edge  of  the  quay  is  from  10  to  12  m. ,  and 
l^rovision  for  closing  the  sheds  is  everywhere  made,  except  at  Eouen, 
where  the  sheds  play  only  the  part  of  umbrellas. 

At  Havre  the  Chamber  of  Commerce  has  established  a  large  num- 
ber of  sheds,  which  are  much  apjireciated  by  commerce  ;  the  quays  of 
the  west  dock  of  the  Bellot  Basin,  in  particular,  have  been  furnished 
with  sheds  on  almost  all  of  their  area  (Plate  I,  Fig.  1). 

On  the  North  Quay  three  sheds  45  m.  in  width  are  built,  overhang 
not  included,  the  lengths  of  which  are  resj^ectively  77.5,  139.5  and  93.0 
m. ;  on  the  South  Quay  are  also  erected  three  sheds,  of  55  m.  width 
and  of  80,  160  and  180  m.  length.  These  sheds  are  separated  from  each 
other  by  oijen  spaces  of  40  m.  ;  this  break  in  the  shelter  is  for  the  pur- 
pose of  diminishing  the  chance  of  conflagration,  to  reserve  on  the 
quays  parts  of  the  terre-pleins  for  cumbersome  merchandise  and  heavy 
weights,  to  reduce  the  expense  of  the  installation  by  not  erecting  any- 
thing on  the  unused  spaces  which  are  found  between  two  vessels,  and, 
finally,  to  allow  trucking  to  be  easily  carried  on  on  the  quay  without 
traversing  the  sheds.  The  sheds  have  metallic  frames  with  roofs  of  zinc 
plates,  exterior  walls  of  brick,  all  of  the  face  situated  on  the  side  towards 
the  quay  being  made  uj)  of  movable  doors  (Plate  III,  Figs.  1  to  26). 

The  number  of  supports  has  been  reduced  as  much  as  possible 
consistent  with  an  economical  construction,  in  order  to  present  the 
least  obstacle  to  the  circulation  of  vehicles  and  to  the  piling  up  of 
goods  ;  thus  the  sheds  of  55  m.  width  are  composed  of  trusses  in  2 
bays  of  27.5  m.  spaa,  and  10  m.  center  to  center.  The  principal 
tlimensions  of  these  buildings  are  summed  up  in  the  following  table  : 

North.  South  and  West. 

Sheds.  Meters.  Meters. 

Span  of  rafters 22.50         ■  27.50 

Spacing  of  rafters 15.50  16.00 

Total  height  of  shed 11. 64  12. 60 

Total  height  of  doors 4.75  4.75 

Number  of  intermediate  rafters. .  2                           

Purlins T  iron.  Lattice. 

Height  of  purlins    0.16  0.60 

Least  spacing  of  purlins 1.60  1.75 
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The  net  cost  of  the  north  sheds  varies  between  34  and  40  francs  per 
square  meter,  not  including  the  general  charges  for  design  and  super- 
intendence, which  may  be  placed  at  3  francs  per  square  meter.  The 
net  cost  of  the  south  and  west  sheds,  the  spans  of  which  are  larger,  has 
been  nearly  42  francs,  not  including  the  general  charges. 

The  cost  is  established  by  the  square  meter  of  covered  surface 
between  the  sides  of  the  sheds,  that  is  to  say,  it  does  not  include  the 
surface  covered  by  the  overhang. 

The  net  cost  of  the  cheaper  sheds  can  be  itemized  as  follows : 

Francs.  Francs. 

Superstructure.  —  Foundations 2 .  00 

Metallic  frame 14 .  58 

Eoof 5.71 

Battens 2.88 

Gutters  and  leaders 0 .  88 

Painting  and  glazing 0 .  27 

24.32 

Lateral  Closing. — Metallic  frame 1 . 60 

Wainscoting 1 .  51 

Hardware  for  doors 1 .  23 

Painting  and  glazing 0 .  48 

Masonry 1 .  34 

6.16 

Miscellaneous. —     Drains 0 .  39 

Paving  of  entrances 0 .  24 

Lighting 0.23 

Miscellaneous 0 .  66 

1.52 

General  charges 3 .  00 

37.00 
The  sheds  built  at  Marseilles,  Calais,  Dunkirk  and  Dieppe  are  of 
about  the  same  type  as  those  adopted  at  Havre  and  present  the  same 
general  arrangement. 

At  Marseilles  the  sheds  of  the  Chamber  of  Commerce  are  38  m.  in 
width,  divided  into  two  equal  spans;  those  of  Calais  are  40  m.,  equally 
divided  into  two  spans;  those  of  Dunkirk  and  of  Dieppe  have  only 
one  span,  the  length  of  which  is  30  m.  for  the  former  and  24  m.  for  the 
latter.  It  is  nevertheless  necessary  to  describe  the  sheds  which  the  Dock 
Company  have  recently  established  at  Marseilles  on  the  quays  of  the 
Lazaret  Basin,  and  which  carry  a  floor.     The  construction  is  made  up 
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of  trusses  of  24  m.  span  of  which  the  ridge  is  13.05  m.  above  the 
ground.  A  floor  placed  at  a  height  of  5m.  is  supported  by  cast-iron 
columns  spaced  6  m.  center  to  center;  an  exterior  gallery  3.60  m.  wide 
runs  at  the  level  of  the  floor  of  the  first  story  to  receive  goods  which 
are  deposited  there  by  the  hydraulic  cranes  (Plate  II,  Fig.  9).  This 
arrangement,  which  has  the  inconvenience  of  incumbering,  to  some  ex- 
tent, the  ground  level  with  many  supports,  is,  however,  advantageous  for 
narrow  quays  in  that  it  doubles  for  them  the  surface  which  can  be  used 
for  the  storage  of  goods. 

The  shelters  which  the  Chamber  of  Commerce  of  Rouen  established 
some  years  ago  difier  from  the  general  type  on  which  the  sheds  have 
been  constructed  in  the  ports  which  have  just  been  reviewed,  in  their 
mode  of  construction  as  well  as  in  the  absence  of  lateral  closing  which 
has  been  adopted  in  other  ports.  The  roof  is  supported  by  small 
rafters  of  5  m.  span  running  perj)endicularly  to  the  quay  and  resting 
on  longitudinal  lattice  girders  0. 5  m.  in  depth ;  these  girders  are  placed 
on  plate  supports  6  m.  in  height  and  spaced  10  m.  center  to  center 
(Plate  III,  Fig.  B5),  All  around  the  outside  of  the  shed  runs  an  over- 
hang of  4.5  m.  width.  The  sheds  on  the  right  bank  thus  cover  a  width 
of  26,2  m.  including  the  overhang,  and  those  on  the  left  bank  34.2 
m.  including  the  overhang. 

At  Bordeaux,  the  Chamber  of  Commerce  has  erected  on  the  quays 
of  the  Garonne  ijavilion-shelters  of  relatively  small  dimensions,  20  m. 
in  depth  by  30  m.  in  length.  The  rafters  which  support  the  roof  have 
only  10  m.  span  and  are  3.75  m.,  center  to  center.  These  shelters,  of 
small  dimensions,  are  useful  in  mild  climates,  since  it  is  only  necessary 
to  shelter  very  costly  merchandise.  The  following  table  indicates  the 
net  cost  of  the  sheds  at  Havre,  Calais,  Dieppe,  Rouen  and  Marseilles 
which  were  built  at  about  the  same  time: 

Cost  per 
Square  Meter. 
Francs. 
Marseilles. — Sheds  38  m.  wide 49 

"      25  m.      "   50  to  57 

Havre. —       Sheds  45  m.  wide,  with  sj)ans  of  20.5  m 37  to  40 

"      55  m.  wide,  Avith  spans  of  27.5  m 45 

Calais. —      Sheds  40  m.  wide,  with  spans  of  20  m 43 

Dieppe. —    Sheds  24  m.  wide,  with  spans  of  24  m 43 

Rouen. —      Sheds  34.2  m.  and  26.2  m.  wide,  with  spans  of  25.2 

and  17.2  m 32 
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Tariffs  of  the  Sheds. — The  use  of  sheds  and  shelters  established  by 
the  Chambers  of  Commerce  on  the  quays  of  the  various  French  ports 
allows  the  collection  of  a  special  tax  designed  to  pay  for  the  service 
rendered.  In  certain  ports,  such  as  Havre,  Marseilles,  etc.,  the  taxes 
for  use  are  the  only  resources  which  the  Chambers  of  Commerce  can 
place  against  working  expenses,  payment  of  interest  and  liquidation 
of  the  first  cost.  In  others,  such  as  Dunkirk  and  Kouen,  the  Chambers 
of  Commerce  collect  in  another  way.  A  tax  is  levied  on  all  ships 
which  enter  the  port,  whether  they  use  any  part  of  the  jslant  or  not. 
This  tax,  which  is  0.1  franc  at  Dunkirk  and  0.15  at  Eouen,  permits 
the  reduction  of  the  charges  for  use. 

The  determination  of  the  method  of  levying  these  taxes  has  given 
rise  to  many  differences,  and  there  has  been  some  trouble  in  finding  a 
method  which,  while  jirotecting  all  interests,  satisfies  in  all  respects 
the  conditions  of  a  rational  rate,  and  also  the  exigencies  of  practice. 
A  uniform  method  is  not  in  use  in  the  different  ports. 

For  locations  by  the  year  made  to  regular  companies  the  problem 
is  easy,  and  it  is  sufficient  to  have  a  tax  paid  which  is  proportionate  to 
the  si^ace  occupied.  The  difficulty  exists  only  for  the  establishment 
of  an  assessment  for  the  use  of  sheds  occupied  by  transient  shipping. 

At  Marseilles  and  at  Dieppe  the  tax  is  in  proportion  to  the  number 
of  tons*  of  goods  stored  under  the  sheds.  At  Marseilles  it  is  0.5  franc 
jjer  ton  of  1  000  kg. ,  and  gives  the  right  to  a  stay  of  12  days  under 
the  shed,  after  which  the  tax  becomes  prohibitory  and  is  calculated  at 
the  rate  of  0.5  franc  per  ton  per  day  during  the  first  three  days,  and 
of  1  franc  per  ton  for  each  following  day.  At  Dieppe  the  tax  is  0.08 
franc  j^er  day  jjer  ton  during  the  first  three  days  and  0.09  franc  per 
day  per  ton  during  the  fourth,  fifth  and  sixth,  and  0.01  franc  during  the 
following  days  for  goods  of  the  first  class  (cereals,  grain,  coffees,  sugars, 
cotton,  wood);  these  charges  are  made  respectively  0.1,  0.11  and  0.12 
franc  for  other  goods. 

At  Dunkirk  and  Calais  the  tax  is  also  based  on  the  quantity  of  goods 
stored,  but  it  is  computed  from  the  chartered  tonnage;  it  is  at  the  rate 
of  0.06  franc  per  ton  per  day  of  the  regulation  stay,  when  this  does 
not  exceed  five  days,  and  0.12  franc  for  each  day  after  that  for  five 
days  within  the  limit  of  the  regulation  period;   0.03  franc  for  each 

*  The  ton  used  throughout  this  paper  is  the  French  tonne  of  1  000  kg.  or  2  20i  lbs.— 
Trans. 
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day  computed  from  the  expiration  of  the  regulation  j^eriod  during  the 
first  twenty  days,  and  of  0. 10  after  the  twentieth. 

At  Rouen  the  area  of  the  sheds  occupied  regulates  the  tax,  which  is 
0.05  franc  per  square  meter  during  the  first  three  days,  and  0.15  franc 
during  the  three  following  days,  and  0.2  franc  after  that. 

At  Havre  the  tax  for  occupation  is  based  on  the  size  of  the  vessel 
which  is  placed  in  front  of  the  shed.  The  tax  being  otherwise  variable 
in  proportion  to  the  ^nddth  of  the  shed.  It  is  paid  by  the  vessel  ac- 
cording to  the  tarift"  given  below. 


Size  of  shed. 

Tax  per  day  per  net  gauged  ton. 

Steamers. 

Sailing  vessels. 

Francs. 
0.09 
O.OS 
0.07 

Francs. 
0.075 

"      from  30  to  45  m.  wide 

0.065 

0.060 

After  the  departure  of  the  vessel  the  goods  should  be  removed 
within  a  period  of  three  days,  after  which  a  storage  of  0.05  franc  per 
day  during  the  first  five  days,  and  0.1  franc  during  the  five  following 
days,  and  0.2  franc  after  10  days,  must  be  paid. 

The  mode  of  assessment  adopted  at  Marseilles,  Dieppe,  Calais  and 
Dunkirk  has  this  great  advantage:  that  the  tax  is  in  jjroportion  to  the 
service  rendered,  and  each  interested  jjarty  knows  in  advance  exactly 
the  sum  he  will  have  to  pay  for  the  sheltering  of  his  goods. 

The  method  in  use  at  Rouen  is  equally  satisfactory  from  the  point 
of  view  of  the  proportionality  of  the  tax  to  the  service  rendered,  and 
also  that  it  incites  those  interested  to  occupy  the  least  possible  space 
with  their  goods.  Biit  it  has  one  real  inconvenience;  those  interested 
do  not  know  in  advance  the  sum  they  will  have  to  pay,  as  this  sum  de- 
pends upon  the  manner  in  which  the  merchandise  is  stored  under  the 
sheds.  It  has  an  element  of  uncertainty  which  it  would  be  better  to 
avoid. 

It  should  be  stated  that  both  methods  of  proceeding  have  a  com- 
mon inconvenience  in  the  practical  collection  of  the  tax.  To  fix  the 
amount  it  is  necessary  to  make  a  measurement  or  a  survey,  sometimes 
long,  whether  it  is  to  determine  the  volume  and  the  weight  of  the 
goods,  or  the  space  occupied.     It  may  also  give  rise  to  contest,  and 
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this  necessitates  in  all  cases  on  tlie  part  of  tlie  agents  of  the  Chamber 
of  Commerce  a  work  which  may  become  very  long  and  laborious  if 
there  are  a  great  many  claimants;  it  is  to  avoid  these  inconveniences 
that,  at  Havre,  the  gauged  tonnage  of  vessels  has  been  established  as 
a  common  basis  for  the  tax.  The  amount  of  the  tax  is  thus  easy  to  es- 
tablish without  possible  contest  and  without  any  measurement  what- 
ever; the  gauged  tonnage  being  proportionate,  at  least  very  nearly,  to 
the  size  of  the  vessel,  the  tax  thus  determined  is  sufficiently  propor- 
tionate to  the  service  rendered. 

Macliinery  for  Loading  and  Unloading. — The  necessity  of  placing  on 
the  quays  of  ports  machinery  for  loading  and  unloading  is  manifest. 
Sailing  vessels  do  not  possess  windlasses  which  will  allow  them  to 
discharge  their  goods  economically,  and  the  windlasses  on  which  the 
steamers  depend  are  not  adequate  to  place  on  cars  the  goods  which 
they  can  discharge  upon  the  ground,  and  there  are  sometimes  heavy 
loads  which  cannot  be  moved  by  the  means  on  board. 

These  machines  for  loading  and  unloading,  the  number  of  which 
increases  rapidly  with  the  large  demands  of  commerce,  are  of  various 
kinds.  On  the  one  hand  they  can  be  fixed,  movable  on  rails,  or  float- 
ing on  the  water  ;  they  can  be  worked  by  hand,  steam,  hydraulic 
power  or  electricity. 

Hand  cranes  are  to-day  almost  abandoned.  There  is  no  motive  for 
their  use  except  for  tools  of  small  power,  the  utilization  of  which  is 
very  rare.  Fixed  cranes,  which  oblige  the  vessel  to  move,  are  equally 
inconvenient  and  can  only  be  allowed  for  extremely  powerful  engines, 
the  first  cost  of  which  it  is  necessary  to  limit.  The  general  desire  is 
to  have  in  the  largest  possible  measure  movable  cranes  of  great  power. 

In  all  the  large  French  ports  there  are  to-day  tools  able  to  lift  the 
heaviest  load.  At  Marseilles  there  are  nine  engines  which  can  lift  pack- 
ages of  more  than  20  tons ;  among  them  are  found  a  stationary  oscillating 
shears  of  120  tons,  worked  by  hydraulic  power,  and  many  pontoon 
steam  derricks  of  which  the  strongest  has  a  capacity  of  60  tons.  At 
Havre  the  number  of  machines  of  like  power  is  more  limited;  there  are 
only  four,  among  which  should  be  mentioned  one  stationary  steam 
derrick  of  100  tons  and  one  floating  oscillating  derrick  of  30  tons. 

St.  Nazaire,  on  account  of  its  important  ship-building  yards,  is 
equally  Avell  equipped  from  this  point  of  view.  There  are  found  on 
its  quays  two  fixed  steam  shears  of  80  tons  and  one  of  40  tons. 
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At  Dunkirk  the  most  powerful  machine  for  discharging  is  one  steam 
pontoon  crane,  pivoted,  and  of  40  tons  power. 

Machines  of  great  power,  nevertheless,  are  the  exception,  and 
most  of  those  for  loading  and  unloading  are  of  a  power  varying 
between  1  000  and  2  000  kg.,  because  almost  all  the  packages  which 
make  up  the  ordinary  cargoes  are  of  a  relatively  small  weight,  and 
there  is  no  advantage  to  be  gained  by  assembling  a  large  number  of 
packages  to  make  up  each  load. 

Cranes,  properly  so  called,  which  allow  the  placing  of  goods  on  the 
ground  at  a  certain  distance  from  the  quay,  or  on  cars,  are  the  most 
useful  and  the  most  generally  employed.  Windlasses  whose  net  cost 
is  very  much  less  are,  hoAvever,  also  used,  and  in  certain  cases  give 
good  service. 

The  choice  of  the  system  of  cranes  to  adopt  for  the  plant  of  a  port 
depends  on  very  diverse  and  complex  considerations.  Floating  pon- 
toon cranes  are  very  advantageous  for  ports  where  mechanical  hand- 
ling is  little  developed,  and  it  is  necessary  to  serve  a  long  stretch 
of  quays  with  a  small  number  of  machines.  They  oflfer  advantages 
equally  valuable  when  direct  transfers  from  vessels  to  lighters 
are  frequent,  because  they  then  allow  the  working  of  the  ship  on  both 
sides  ;  their  employment  becomes  on  the  contrary  troublesome  in 
ports  where  the  plant  has  been  well  developed,  and  is  also  very  diffi- 
cult with  large  vessels,  which  are  frequent  to-day,  in  harbors  subject 
to  violent  wind  squalls,  as  the  pontoons  then  suffer  from  being  placed 
between  the  ship  and  the  quay. 

At  Rouen,  an  interior  harbor  sheltered  from  heavy  winds,  and 
where  fluvial  transfers  are  of  great  importance,  the  use  of  floating 
cranes  is  easily  justified  and  they  form  a  most  important  part  of  the 
plant. 

The  floating-pontoon  crane  is  therefore  always  an  indispensable 
complement  of  all  well-considered  plants;  there  are  always  in  fact  in 
any  port  quays  which  are  not  furnished  with  stationary  machines,  and 
it  is  necessary  that  the  lack  of  them  should  be  supplied  by  means  of  a 
floating  crane. 

The  movable  crane  on  rails  seems  to  be  more  generally  employed, 
but  the  motors  in  use  diflfer;  up  to  the  present  time  in  practice,  in 
France  at  least,  only  hydraulic  and  steam  cranes  are  used  ;  many 
studies  of  electric  cranes  have  been  made,  but  it  is  not  yet  believed 
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necessary  to  return  to  them.  The  house  of  Bon  &  Lustremant  has  pre- 
sented for  the  Port  of  Dunkirk  a  very  interesting  type  of  electric  crane 
(Plate  rV,  Fig.  13),  but  for  economical  reasons  the  jjreference  was  given 
to  a  hydraulic  plant. 

The  only  examjile  of  the  use  of  electricity  for  machines  for  loading 
and  unloading  is  found  at  the  docks  of  Havre,  where  small  elevators 
run  by  this  force  are  used  to  discharge  grain  in  biilk. 

The  use  of  hydraulic  jjower  to  actuate  machines  for  loading  and  un- 
loading is  to-day  very  general  and  offers  great  advantages  ;  all  the 
apparatus  of  the  plant  is  always  found  in  working  order  at  all  hours 
of  the  day  or  night  without  preliminary  kindling,  the  ojjeration  is 
simple  and  does  not  offer  any  danger  of  conflagration.  Finally,  from 
a  single  installation  the  cranes,  capstans,  gates  or  bridges  can  be 
operated.  In  cold  countries  some  difficulty  is  found  in  working  the 
cranes  during  the  winter,  but  with  trifling  precautions,  too  numerous 
stoppages  are,  however,  avoided. 

Recourse  has  been  had  to  hydraulic  power  in  the  recent  installations 
at  Calais,  Dunkirk,  Havre,  Marseilles  and  Rouen.  The  movable  steam 
crane  is  not  altogether  abandoned  ;  it  is  necessary  to  resort  to  it  in 
jjorts  of  less  imjiortance,  which  do  not  require  a  hydraulic  i^lant, 
which  is  always  costly,  and  also  in  ports  operated  by  hydraulic 
machinery  on  such  qiiays  as  are  too  distant  from  the  ma- 
chinery. 

Hydraulic  cranes  are  often  j^laced  on  frames,  in  timnel  form,  under 
which  a  railroad  track  can  run,  in  order  to  economize  space.  This  is  the 
solution  which  has  been  adopted  at  Havre  (Plate  IV,  Fig.  1).  The 
only  inconvenience  which  results  is  a  slight  additional  expense  for 
the  construction  of  the  crane,  and  a  little  greater  difficulty  in 
moving  it. 

At  Havre  the  circulating  crane  track  is  composed  of  two  rails  placed 
respectively  at  0.80  and  1.90  m.  from  the  edge  of  the  quay.  The  first  of 
them,  Avhich  is  fixed  on  the  granite,  is  a  flat  rail  0.1  m.  wide  and  0.03  m. 
thick,  the  corresponding  crane  wheel  having  double  flanges ;  the  second 
rail  is  placed  on  a  longitudinal  beam  supported  by  cross-pieces,  spaced 

2  m.  center  to  center.    It  has  the  form  of  a  i 1  iron  0.10  m.  wide,  0.04 

m.  high  ;  the  face  of  this  iron  is  at  the  level  of  the  paving,  so  as  not 
to  be  an  obstacle  to  circiilation  ;  the  corresj^ondiug  wheel  of  the  crane 
is  an  ordinary  wheel  without  flanges. 
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The  principal  dimensions  of  the  cranes  are  as  follows  : 


Kind  of  Crane. 
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Hydraulic  cranes  of  1  250  kg 
Hydraulic  cranes  of  3  000  kg 
Steam  cranes  of  1  500  kg  . . . . 


Degrees 
360 
360 
180 


The  hydraulic  canalization  is  composed  of  two  conduits,  one  for 
water  under  pressure,  the  other  for  the  return  of  water  used ;  the 
pressure  conduit  is  0.1  m.  in  interior  diameter,  and  the  return  conduit 
0.125  m.  The  intakes  are  arranged  in  the  rear  of  the  edge  of  the  quay; 
they  are  12.50  m.  distant  center  to  center,  and  communicate  with  the 
general  conduit  by  pipes  of  0.02  m.  diameter.  The  connection  be- 
tween these  intakes  and  the  lifting  engines  is  made  by  means  of  flexi- 
ble pipes  which  allow  the  cranes  to  be  jjlaced  in  any  position  whatever 
on  the  circulating  track. 

On  the  quays  of  the  dock  basin,  the  dock  companies  utilize,  in  prefer- 
ence to  cranes,  hydraulic  windlasses  ;  these  machines,  which  are  very 
easily  handled,  serve  not  only  for  the  discharge  of  vessels,  but  for 
handling  in  the  warehouses  when  the  direct  trans-shipment  to  cars  is 
not  made  at  the  docks,  and  the  parcels  discharged  are  of  a  small  enough 
weight,  which  condition  is  favorable  to  the  exclusive  employment  of 
windlasses. 

At  Marseilles  the  Dock  Company,  as  well  as  the  Chamber  of  Com- 
merce, has  adopted  hydraulic  cranes  for  operating  the  quays  equipped 
by  them,  to  the  almost  complete  exclusion  of  windlasses  ;  the  same  is 
also  the  ease  at  Calais  and  at  Eouen. 

The  machines  of  these  different  ports  are  similar  to  those  of 
Havre,  and  the  type  of  frames  in  tunnel  form  is  almost  universal. 
This  type  has  also  been  adopted  at  Havre  for  steam  cranes  on  the  coal 
quay  for  the  same  jjurpose  of  economizing  the  terre-plein. 

What  is  the  eflBciency  that  it  can  be  hoped  to  obtain  from  machinery 
for  loading  and  unloading  which  has  been  placed  on  the  quays  of  the 
ports,  of  which  we  have  been  speaking  ?  This  is  a  very  important 
question  ;  for  as  soon  as  these  machines  are  established,  a  much  higher 
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efficiency  is  expected  than  that  attained  in  practice.  The  following 
table  shows  the  efficiency  based  directly  on  the  unloading  in  progress, 
the  rejjort  being  made  without  iirejudiced  anticipation  in  order  to 
have  results  approaching  the  truth  as  nearly  as  possible  : 


Goods. 

Minimum  Speed. 

Maximum  Speed. 

Kind  of  Machine. 
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Cotton..  . 
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Tobacco.. 

Wine 

Mahogany 
logs 

Coflfees.  .. 

Corn      in 

sacks... 

Coal 

Logwood . 
Oleagin- 
ous grain 
Corn 

54 
26 

45 

56 
54 
38 

14 

45 

38 

32 

48 

7  666 
7  500 

2 

1 

9 

6 

1 
2 

1 
10 

1 

1 
1 

Buckets 

200 
1000 
(Net.) 

62 

100 
380 
550 

1200 
60 

65 

1000 
300 

of  3  kg. 
"  4    •' 

21.60 
26.00 

26.97 

33.60 
20.58 
41.80 

16.80 
27.00 

25.00 

32  00 
14  40 

23.00 
30.00 

65 

55 
48 

11  700 
11  500 

10 
10 

1 

Buckets 

60 

65 
900 

of  3  kg. 
"4    " 

39.00 

36.00 
43.00 

35.00 
46.00 

The  unloading  can  then  be  operated  with  the  machines  for  that 
purpose  in  use  at  Havre,  at  the  rate  of  20  to  45  tons  per  hour  per 
hatch,  according  to  the  kind  of  goods,  which  speed  is  satisfactory  for 
the  most  urgent  cases.  Thus,  a  coal-boat  having  three  hatches  can  ex- 
pect to  unload  from  1  000  to  1  200  tons  in  a  day  of  10  hours'  work. 
A  large  grain -boat  discharging  through  four  hatches  can  unload  from 
1  000  to  1  400  tons  jjer  day  of  10  hours'  work,  and  a  cotton-boat  with 
three  hatches  can  unload  3  000  bales  per  day.  For  this  last-mentioned 
goods,  this  result  is  not  generally  accomplished  in  practice,  the  un- 
loading being  retarded  by  the  incumbering  of  the  quay,  due  to  the 
weighing  and  sampling  of  the  bales. 

The  installation  of  machinery  for  loading  and  unloading  on  the 
quays  is  troublesome  enough,  and  it  is  very  rare,  except  in  certain 
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particular  establishments,  that  the  return  derived  from  the  placing  of 
these  machines  pays  the  costs  of  working  as  well  as  those  of  interest 
and  the  liquidation  of  capital.  This  it  would  certainly  do  if  the  use 
of  the  machines  were  continuous,  but  the  fact  is  that  a  large  number  of 
vessels  prefer  to  use  the  steam  windlasses  on  board,  and  consequently 
the  quay  engines  are  often  unemployed.  In  many  ports  the  deficit  in 
the  account  of  the  machinery  for  loading  and  unloading  is  covered  by 
a  general  tonnage  tax  levied  on  navigation;  in  others,  as,  for  instance, 
Havre,  it  is  covered  by  the  benefit  derived  from  the  use  of  the  sheds. 

The  ordinary  cranes  are  let  generally  by  the  hour  or  by  the  day, 
while  the  unloading  of  large  packages  is  paid  for  by  the  ton.  At 
Dunkirk  and  Dieppe  all  unloading  is,  however,  paid  for  by  weight. 

For  hydraulic  cranes  the  tariffs  in  force  are  as  follows : 


Rent  by  the  Day. 

Kind  of  Cbanes. 

Marseilles. 
Francs. 

Havre. 
Francs. 

Rouen. 
Francs. 

Calais. 
Francs. 

Cranes  of  1  250  kg 

1 500  " 

j  32  per  day  of  8  hours  ) 
UO    "        "    10      "     j 
(36    "        "      8      '•     1 
(45    "        "     10       "     ) 
(48     "        ••      8      "     > 
(60    "        "     10       •'     j 

( 240  per  day  of  8  hours ) 
|300     "        "    10    "       ) 
(20      "        "      8     "       i 
(25      "        "     10    "       J 

25 
30 
45 

18 
20 

20 

40 

3  000   " 

5  000   " 

70 

'•        10  000   " 

180 

"        20000  •• 

190 

"        40  000   " 

200 

Shears  of  120  tons. 

Windlasses  of  750  kg 

"          1  000  " 

25 

For  the  public  steam  cranes  the  charges  per  day  are  as  follows : 


Rent  by  the  Day. 

Kind  of  Crane. 

Havre. 
Francs. 

Rouen. 
Francs. 

Bordeaux. 
Francs. 

Cranes  of  1  250  kg.,  Floating 

30 
50 

100 

30 

50 

"    iso°"  iFioating::::;:::::::::;;::::::::: 

10  000  "     Floating 
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The  taxes  levied  on  dischargements  paid  by  the  ton  are  as  follows 
for  packages  of  small  weight : 

Rouen.  Dieppe.  Dunkirk. 

Francs.  Francs.  Francs. 

Oils,  minerals,  etc 0.40 0.325 (  from  0.75 

Othergoods 0.60 0.575 (    to  1.25 

For  large  packages  the  prices  are  as  follows : 

At  Dunkirk  the  price  per  ton  discharged  varies  from  3  to  9  francs 
when  the  packages  weigh  from  10  to  40  tons. 

At  Eouen  it  varies  from  2  to  10  francs,  as  the  weight  of  packages 
varies  from  3  to  30  tons. 

At  Marseilles  and  at  Havre  the  large  number  of  machines  of  great 
power  brings  a  competition,  and  the  price  varies  according  to  circum- 
stances and  the  law  of  supply  and  demand. 

Warehouses  and  Storehouses. — The  warehouses  anS.  storehouses  which 
are  found  in  French  ports  are  handled  by  independent  companies 
which  are  not  connected  with  the  administration  of  the  port.  These 
establishments  are  generally  situated  outside  of  the  terre-pleins,  and, 
in  consequence  are  in  a  less  favorable  condition  for  use,  a  more  or  less 
troublesome  transjjort  being  necessary  to  carry  to  them  the  goods  dis- 
charged on  the  quays.  The  State  does  not  concede  the  right  for  a 
long  term  to  parts  of  the  maritime  domain  except  after  lengthy  for- 
malities which  often  discourage  the  construction  of  warehouses  on 
the  quays. 

Nevertheless,  at  the  ports  at  Marseilles  and  Havre,  there  are  dock 
companies,  to  which  the  State  conceded  certain  lengths  of  quay, 
and  which  operate  them.  These  companies  have,  since  that  time, 
been  able  to  complete  their  storehouses  under  very  favorable  condi- 
tions on  the  very  edge  of  the  quays.  In  other  ports,  as,  for  instance. 
Bordeaux  and  Dieppe,  the  Chambers  of  Commerce  have  obtained  in 
the  same  way  the  concession  of  certain  parts  of  the  terre-plein  on 
which  to  erect  storehouses. 

The  Dock  Company  at  Marseilles,  to  which  the  State  has  conceded 
a  length  of  quays  of  about  2  500  m.,  in  the  Joliette,  Lazaret  and  Arene 
basins,  was  organized  in  1854,  and  has  remained  the  most  important  of 
the  companies  of  this  class  in  France.     In  1892  these  sheds  and  ware 
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houses  covered  an  area  of  more  than  220  000  sq.  m. ,  which  are  distrib- 
uted as  follows : 


Sheds. 
Sq.  m. 

Warehoitses. 

Total. 
Sq.  m. 

Location. 

Cellars. 
Sq.  m. 

Ground  floor. 
Sq.  m. 

Upper  floor. 
Sq.  m. 

On  the  State  Concession 

On  the  Company's  land 

27  600 

'g'ioo 

44  700 
21  100 

59  800 
57  000 

104  500 
87  590 

Total '. 

27  600 

9  490 

65  800 

116  800 

192  090 

For  many  years  the  Dock  Company  of  Marseilles  utilized  water 
under  pressure  for  all  its  loading  and  unloading,  and  its  hydraulic 
plant  was  the  first  one  in  France.  The  company  operates  on  the  quay 
53  hydraulic  cranes,  of  which  17  have  double  power  of  1  000  and  3  000 
kg.,  16  of  1  250  kg.  jjower,  and  22  of  1  000  kg.  It  possesses,  besides, 
one  steam  crane  of  20  tons  and  one  floating  elevator  for  the  discharge  of 
grain. 

The  traffic  which  is  concentrated  on  the  concession  of  the  Dock  Com- 
pany of  Marseilles  is  large,  and  its  example  shows  well  the  benefit 
which  a  private  company  can  derive  from  the  operation  of  the  quays 
conceded  to  it. 

At  Havre  there  is  also  a  dock  company,  organized  at  about  the 
same  time  as  that  of  Marseilles,  to  which  the  State  has  conceded  the 
possession  of  the  dock  basin,  and  of  the  south  side  of  the  Vauban 
Basin,  that  is  to  say,  a  length  of  1  650  m.  of  quay  for  a  period  of  99 
years. 

The  warehouses  and  establishments  of  the  company  are  developed 
on  the  border  of  the  quays,  and  have  a  capacity  of  from  150  000  to 
180  000  tons  of  goods.     In  1892  they  covered  the  following  area: 


Sheds. 

Covered  Yards. 
Sq.  m. 

Waeehouses. 

Sq.  m. 

Cellars. 
Sq.  m. 

Ground  floor. 
Sq.  m. 

Upper  floor. 
Sq.  m. 

Total 
Sq.  m. 

34  700 

39  000 

8  300 

61  200 

115  300 

184  800 
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The  plant  of  the  company  consists  of  14  hydraulic  windlasses  of 
from  400  to  900  kg.  capacity,  used  as  much  in  discharging  vessels  as  for 
handling  in  the  storehouses,  and  of  three  grain  elevators,  with  chains 
of  buckets,  operated  by  a  generating  dynamo  worked  by  a  25  H.  P. 
machine.  These  small  movable  elevators  are  easily  placed  on  the 
jjoint  occuiDied  by  the  vessels  to  be  unloaded  and  permit  their  rapid 
and  economical  discharge. 

At  Havre,  as  at  Marseilles  and  other  ports,  there  are  also  many  pri- 
vate storehouses,  located  far  from  the  quays,  to  which  they  are  con- 
nected by  tracks.  These  warehouses  are  indicated  in  the  following 
table : 


General  Store- 
houses. 
Sq.  m. 

Pont  Eouge 
Docks. 
Sq.  m. 

Raverat 

Storehouses. 

Sq.  m. 

Briquet 

Storehouses. 

Sq.  m. 

Ground  floors 

Upper  floors 

7  000 
23  000 

42  000 
10  000 

11  000 
6  000 

7  000 

Total 

30  000 

52  000 

17  000 

7  000 

The  Chambers  of  Commerce  are  beginning  to  try  to  give  to  com- 
merce the  advantages  which  appertain  to  docks  established  on  the  very 
border  of  the  quays. 

Thus,  at  Bardeaux,  the  Chamber  of  Commerce  obtained  in  1878  the 
concession  for  dock- warehouses  occupying  an  area  of  55  000  sq.  m., 
at  the  very  edge  of  the  wet  basin.  The  structures  which  it  has 
already  erected  comprise  one  storehouse  for  wool,  which  covers  an 
area  of  13  500  sq.  m.,  with  cellars  for  storing  wines  and  alcohol,  and 
a  large  metallic  building  380  m.  long  and  35  m.  wide  divided  into 
two  longitudinal  parts,  one  used  as  a  depot  for  goods  which  have  set- 
tled the  custom-house  duty,  the  other  for  actual  bonding.  At  Dieppe, 
the  Chamber  of  Commerce  has  already  received  the  concession  of  6  000 
sq.  m.  of  ground  near  the  new  wet  basin,  in  order  to  erect  general 
storehouses,  the  operation  of  which  has  since  been  granted  by  the 
Chamber  of  Commerce  to  a  private  company. 

Conclusion. — In  the  j^eaceful  contest  which  all  maritime  nations 
maintain  to-day  to  insure  to  their  ports  commercial  suiJremacy,  one  of 
the  indispensable  weapons  is  the  possession  of  a  perfect  plant,  which, 
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in  reducing  as  much  as  possible  unnecessary  cost  and  loss  of  time,  pro- 
motes the  greatest  usefulness  of  these  ports. 

The  works  undertaken  in  France,  from  this  point  of  view,  during 
the  last  10  years,  and  to  which  we  have  given  a  very  rapid  glance,  have 
transformed  the  conditions  of  the  work  of  commercial  ports,  at  the 
same  time  that  the  large  development  of  water-ways  and  railways 
has  comjDleted  the  system  of  communications  with  the  interior  of 
the  country.  The  endeavor  has  also  been  during  this  period  to  give 
primary  attention  to  the  general  necessities  of  commerce  and  to  fur- 
nish quays  which  can  respond  to  almost  all  needs.  It  remains,  perhaps, 
now  to  determine  whether  it  is  not  jiecessary  to  specialize  certain  parts 
of  ports,  and  to  give  to  them  arrangements  appropriate  to  particular 
needs;  but  everything  cannot  be  undertaken  at  once,  and  the  progress 
accomplished  is  a  certain  gauge  by  which  the  near  future  will  be  able 
to  realize  what  remains  to  be  done. 
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THE   DEVELOPMENT   OF  QUAY-CRANES   IN  THE 
PORT  OF  HAMBURG. 


By  Chb.  Nehls,  Chief  Engineer  to  River  and  Harbor  Board  of 
Hamburg,  Germany. 


Prepared  for  the  International  Eng'ineering  Congress  of  the 
Columbian  Exposition,  1893. 


The  City  of  Hamburg  is  situated  100  km.  (62  miles)  from  the  mouth 
of  the  River  Elbe.  Its  harbor  is  accessible  to  ocean-going  vessels, 
but  from  the  harbor  upwards  only  river  vessels  are  employed.  The 
mouth  of  the  Elbe  is  subject  to  the  tides.  The  flood  tide  in  Hamburg 
rises  to  the  height  of  nearly  2  m.  (6^  ft.).  Vessels  with  a  draught  of 
7.2  m.  (23  ft.  6  ins.)  can  go  with  the  tide  to  Hamburg  Harbor,  un- 
der normal  conditions,  without  discharging  their  cargo. 

In  the  year  1891,  the  imports  amounted  to  8  900  000  tons,  and  the 
exports  to  5  300  000  tons.  A  considerable  amount  of  goods,  3  100  000 
tons,  was  discharged  from  3  758  ships  at  the  quays,  which  extend  over 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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a  length  of  10.3  km.  (6^  miles).     On  these  quays  the  follo"V7ing  cranes 
were  working  : 

A. — Stationary  Cranes. 
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Making  a  total  of  421  cranes,  with  a  collective  lifting  power  of 
1  000  000  kg.,  which  is  more  or  less  uniformly  distributed  over  the 
quays,  and  gives  an  average  lifting  power  equal  to  96  kg.  per  meter, 
or  30  kg.  per  foot,  of  quay  length.  Hamburg  stands  unrivaled  in  this 
respect. 

A  little  more  than  a  quarter  of  a  century  ago  there  were  no  quays 
and  only  a  very  few  primitive  cranes.  Vessels  to  be  loaded  or  dis- 
charged were  moored  to  strong  sets  of  piles  driven  into  the  bed  of 
the  river,  called  Due  d'Alben,  and  discharged  and  loaded  from 
lighters  by  means  of  hand  cranes.  These  lighters  carried  the  cargo 
to  the  warehouses,  which  were  built  on  the  banks  of  canals  and 
branches  of  the  Elbe.  These  light-draught  vessels  could  load  and  dis- 
charge alongside  the  warehouses. 
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But  with  the  advance  of  railway  enterprise  and  the  great  de- 
velopment of  steam  navigation  a  new.  carrying  trade  was  called  into 
existence  which  was  unknown  before.  Part  of  the  arriving  goods 
were  not  taken  to  the  storehouses,  but  were  used  as  transit  goods 
and  carried  by  the  railways  directly  to  the  steamers,  and  vice  versa. 
Then,  again,  the  size  of  the  steamers  was  constantly  increasing.  The 
vessels  took  cargo  for  different  receivers,  and  the  goods  had  therefore 
to  be  soi'ted  on  arrival.  The  consequence  of  the  great  revival  of  com- 
merce was  that  steamers  had  to  make  quicker  voyages.  Loading  and 
discharging  had  therefore  to  be  accelerated,  and  consequently  eflBcient 
cranes  had  to  be  built.  Under  these  circumstances  the  building  of 
quays  was  begun  for  steamers  in  Hamburg,  the  first  one  being  the 
Sandthor  quai  which  was  opened  in  the  year  1866  (Plates  1  and  2). 

It  was  a  diflScult  task  to  construct  the  cranes  so  as  to  meet  all 
requirements. 

First  of  all,  there  was  no  doubt  that  traveling  cranes  only  could  be 
used,  with  the  exception  of  cases  where  heavy  loads  had  to  be  lifted. 
The  necessity  of  discharging  simultaneously  from  all  the  hatches,  and 
the  difierent  position  of  these  according  to  the  length  and  construction 
of  the  steamers,  was  the  reason  why  traveling  cranes  were  deemed 
to  be  most  practicable. 

The  variable  beam  of  steamers,  and  the  circumstance  that  at  times 
lighters  or  river  vessels  have  to  be  brought  between  the  vessel  and  the 
quay,  made  it  desirable  to  work  the  cranes  with  variable  projecting 
jibs.  The  smallest  projection  was  fixed  at  6.8  m.  (22^  ft.),  the  largest 
9.1  m.  (30  ft.),  and  the  corresponding  lifting  power  had  to  be  1  600  kg. 
in  the  former,  and  1  200  kg.  in  the  latter  case.  With  the  small  jib 
goods  can  be  lifted  out  of  the  hold  of  the  ship  and  deposited  in  the 
sheds  which  run  parallel  to  the  quay,  just  behind  the  railway  lines, 
the  goods  being  carried  clear  of  the  railway  lines  lying  between  the 
crane  rails  and  the  shed.  The  greatest  projection  of  jib  is  sufiicient 
when  a  lighter  of  greatest  beam  is  placed  between  the  quay  and 
steamer. 

The  highest  point  of  the  cranes  could  not  be  more  than  6  m.  (20  ft.) 
above  the  top  of  the  rails,  in  order  that  the  crane  might  swing  round 
easily  below  the  roofs  of  the  sheds.  The  maximum  lift  was  to  be  10.3 
m.  (34  ft.),  to  allow  the  working  of  the  cranes  under  all  circumstances 
and  at  any  height  of  the  river.      The  velocity  of  lifting  was  fixed  at  0.6 
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m.  (2  ft. )  per  second.  These  were  the  conditions  laid  down  for  the 
design  of  the  cranes.  Several  designs  were  sent  in,  the  motive  power 
being  air,  water  and  steam. 

The  offer  of  Brown  Brothers,  in  Edinburgh,  was  recognized  as  the 
most  suitable  for  the  purpose,  and  this  firm  secured  the  order  for  16 
cranes.  The  motive  power  in  their  design  was  steam.  The  crane  is 
placed  upon  a  bogie,  with  a  gauge  of  2.36  m.  (7  ft.  9  ins.),  which  carries 
in  the  middle  the  crane  post. 

By  means  of  the  piston  in  the  cylinder  C,  the  crane  revolves  upon 
the  pin,  and  is  guided  by  three  wheels  which  run  on  a  collar  of  the 
sole-plate  (see  Fig.  1,  showing  the  steam  cranes  as  constructed  and 
improved  in  many  resjjects  in  later  years,  as  well  as  the  unaltered 
principle  of  the  construction). 

The  crane  is  so  balanced  by  the  boiler  that  when  working  without 
load  the  two  after  guide  wheels  touch  the  guide  wng;  whereas,  when 
loaded,  the  forward  and  larger  wheel  comes  in  contact  with  the  guide 
ring. 

To  the  movable  platform  are  attached  two  vertical  steam  cylinders 
of  400  mm.  (16  ins.)  diameter  and  1  830  mm.  (6  ft.)  stroke.  The  two 
piston-rods  are  connected  by  means  of  a  cross-head  which  carries  three 
movable  pulleys  of  a  set;  whereas,  the  three  fixed  pulleys  are  placed 
between  the  cylinders.  A  chain  is  taken  round  these  six  pulleys,  the 
end  of  which  is  carried  over  the  top  j^ulley  of  the  jib.  As  soon  as 
steam  enters  below  the  piston,  the  set  of  pulleys  is  forced  outwards, 
and  the  load  is  lifted  with  a  speed  six  times  greater  than  that  of  the 
piston. 

Between  the  two  cylinders  is  fixed  a  hydraulic  cylinder  B,  whose 
piston-rod  is  also  connected  with  the  cross-head  so  as  to  take  jiart  in  the 
motion  of  the  steam  piston.  This  cylinder  is  used  for  the  brake  when 
the  steam  pistons  ascend,  thereby  lifting  the  load;  the  water  above  the 
piston  of  the  third  cylinder  is  forced  into  a  receiver.  In  this  way  the 
water  passes  an  automatic  valve,  which  is  partially  shut  as  soon  as  the 
flowing  Avater  exceeds  a  certain  speed.  For  instance,  in  case  the  chain 
should  break,  the  speed  of  the  steam  pistons  is  accelerated,  and  these 
draw  with  them  the  i3iston  of  the  hydraulic  cylinder.  But  the  latter 
follows  slowly,  as  the  automatic  valve  is  jiartially  shut  and  the  steam 
pistons  are  checked,  and  damage  to  the  crane  is  prevented. 

Having  exhausted  the  steam,  the  pistons  move  downwards  when  the 
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Aoslchh 


Fahrbarer  Dampfkrahn. 


Fahrbarer  Dampfkrahn. 

J,  steam  cylinder,  i?,  hydraulic  cylinder.  C,  cylinder  for  swing- 
ing gear.  D,  boiler  for  10  atmospheres  with  2  500  kg.,  for  7.5  atmos- 
pheres with  1  500  kg.  lifting  power.  E,  starting  lever.  F,  hand  lever 
for  the  hydraulic  valve.  O,  hand  lever  for  the  cylinder  for  swinging 
gear.     //,  water  tank. 
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load  is  to  be  -pttt  down,  and  the  water  in  the  hydraulic  cylinder  below 
the  piston  is  forced  through  another  pipe  into  the  receiver.  In  this 
way  the  water  also  passes  through  the  valve,  which  is  controlled  by 
the  crane  man  by  means  of  a  lever.  According  to  the  opening  of  the 
valve  the  loads  can  be  put  down  quickly  or  slowly.  The  crane  is 
worked  by  one  man. 

Steam  is  generated  in  the  boiler  D,  having  a  combustion  chamber 
with  cross-tube  of  340  mm.  (13+  ins.)  diameter.  The  exhaust  steam  is 
conducted  to  a  heater,  where  the  feed  water  is  heated  to  about  25° 
Cent. ,  and  then  forced  into  the  boiler  by  means  of  a  steam  feed  pump. 
The  crane  can  be  turned  in  the  0.55  part  of  a  circle. 

The  forward  j^art  of  the  jib  is  made  on  the  telescopic  principle,  and 
is  worked  by  means  of  a  chain  which  is  taken  round  a  shaft.  In  order 
to  prevent  any  strain  coming  on  the  chain,  holes  are  bored  a  foot  apart, 
and  a  bolt  is  put  in  these  which  takes  up  the  pressure  from  the 
chain.  The  maximum  j^rojection  of  the  jib  is  9.7  m.  (31  ft.  6  ins.),  but 
it  has  often  happened  that  the  jib  extended  10  m.  (33  ft.)  when  it 
was  lowered,  and  it  was  jiossible  to  discharge  from  a  lighter  of  4  m.  (14 
ft.)  beam  between   the  ship  and  the  quay  into  the  hatch  of  the  vessel. 

The  cranes  are  moved  along  the  rails  by  manual  labor,  but,  in  order 
to  bring  them  to  their  exact  position,  ratchet  gear  is  fitted,  a  spur 
wheel  turning  the  wheels  of  the  bogie.  Figure  1  shows  this  arrange- 
ment. 

The  following  is  the  result  of  the  trials  which  were  instituted,  to 
test  the  efficiency  of  the  cranes. 

The  average  number  of  kilograms  of  goods  moved  jjer  hour  was 
26  150,  of  which  one-half  was  lifted  out  of  the  hold  on  to  the  quay 
and  the  other  half  lifted  from  the  quay  and  deposited  in  the  lighters. 
The  average  lifting  height  was  5.15  m.  (18  ft.).  The  average  coal 
consumption  was  9.75  kg.  per  5  000  kg.  of  goods  moved,  but  it 
must  be  borne  in  mind  that  the  goods  were  slung  and  deposited  with- 
out stoppages.  The  crane  worked  equally  rapidly  with  large  and 
small  jib  projection,  and  the  weight  of  the  load  had  no  influence  what- 
ever upon  the  velocity  of  lifting.  The  crane  worked  almost  noise- 
lessly. The  quantity  of  steam  used  was  remarkably  small,  but  this 
was  due  to  the  admission  of  a  quantity  of  steam  into  the  cylinder  pro- 
portionate to  the  weight  of  the  load  and  then  cutting  oflf  the  sup- 
ply.     From  this  it  will  be  clear  that  the  man  working  the  crane  must 
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be  a  skillful  and  experienced  engineer.  The  steam  pressure  varied 
between  6  and  8  atm.  (90  and  120  lbs.).  When  working  in  the  ordinary 
way  the  coal  consumption  was  larger,  as  there  were  many  pauses 
when  the  cranes  were  not  used,  but  steam  had  to  be  kept  up. 

Besides  these  steam  cranes,  hand  cranes  were  erected  which  have 
a  jib  ijrojection  of  6  m.  (20  ft.).  They  are  for  use  in  lowering  and  de- 
positing goods  out  of  the  sheds  into  the  lighters.  In  this  case  the 
lifting  height  is  very  small;  they  can  easily  be  swung  clear  of  the 
sheds,  and  the  load  let  down  into  the  lighters  by  its  own  weight.  It 
would  be  too  expensive  to  use  steam  cranes  for  this  work. 

Part  of  these  hand  cranes  were  of  the  ordinary  design,  and  part  of 
them  were  hydraulic  cranes.  In  the  latter  case  the  crane  post  was 
hollow  and  used  as  a  hydraulic  cylinder.  Its  piston  was  connected 
with  a  set  of  pulleys,  and  the  chain  to  these  pulleys.  The  water  was 
jjumped  into  this  cylinder  out  of  an  air-vessel.  The  water  flowed  into 
this  air-vessel  when  the  load  descended,  and  compressed  the  air  con- 
tained in  the  vessel.  A  set  of  pulleys  lifted  a  balance  weight  when 
the  load  was  lowered,  and  the  weight  of  this  balance  weight,  together 
with  the  jiressure  of  the  compressed  air,  caused  the  chain  to  ascend 
again  automatically.  These  cranes,  however,  were  very  difficult  to 
manage,  and  it  was  decided  not  to  order  any  more. 

Two  movable  steam  cranes  for  heavy  work  were  then  erected, 
callable  of  lifting  3  000  and  5  000  kg. ,  respectively.  These  are 
wheel-geared  cranes.  The  engine  turns  a  shaft,  and  this  turns  the 
other  wheels  by  means  of  conical  friction  gear.  The  lifting,  lowering 
and  swinging  of  the  cranes  is  done  by  the  engine,  which  in  this  case  is 
non-reversible,  and  therefore  they  work  very  rapidly.  If  the  load  of 
the  heavier  crane  is  greater  than  2  500  kg. ,  it  has  to  be  fitted  with 
a  balance  weight  which  is  always  kept  ready  for  iise. 

The  following  27  cranes  were  the  first  erected : 

1  steam-crane  of  5  000  kg.  lifting  power. 
1  "  '<  3  000  " 

17  steam-cranes  "  1500  "  "  each. 

4  hydraulic  hand-cranes  of  1 000  kg.  lifting  power  each. 
4  ordinary  "  "    1000  "  "  " 

When  the  quays  were  extended  the  number  of  cranes  had  to  bo 
increased.     Table  No.  1  shows  this  clearly.    It  should  be  mentioned  that 
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witli  the  cranes  of  No.  5,  and  also  those  erected  at  a  later  period,  the 
variable  jirojecting  jib  was  done  away  with,  as  it  did  not  prove  suc- 
cessful. Some  of  the  cranes  were  fitted  with  curved  jibs,  in  order  to 
clear  the  high  bulwarks  of  large  steamers  and  also  the  railway  tracks. 
These  curved  jibs  are  more  flexible  than  the  straight  ones,  and  better 
fitted  to  stand  the  shocks  to  which  the  load  on  the.  chain  is  exposed. 
This  system  of  jib,  which  proved  a  success,  has  since  been  adopted  in 
all  steam-cranes. 
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The  crane  under  No.  7  can  lift  40  000  and  20  000  kg.  respectively. 
In  the  former  case  the  stronger  arm  is  used,  and  in  the  latter  the 
smaller  one.  These  arms  are  on  opposite  sides  of  the  crane  (see 
Fig.  2). 

This  crane  is  worked  by  12  men  and  has  four  handles.  With  the 
smaller  arm  10  000  kg.  can  be  lifted  directly,  and  20  000  kg.  by  means. 
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of  a  movable  pulley;  whereas,  with  the  stronger  arm,  loads  of  27  500  kg. 
can  be  lifted  by  means  of  a  double  block  and  of  40  000  kg.  with  a 
treble  block.  When  the  load  exceeds  20  000  kg. ,  the  crane  is  balanced 
by  a  counter  weight.  Using  the  turning  gear,  two  men  can  easily 
swing  the  crane  with  the  weight  of  the  load  and  the  balance  weight. 

The  foundation  of  the  crane  consists  of  concrete.  The  crane  is 
fixed  on  a  heavy  iron  sole-plate,  and  is  protected  by  an  iron  casing. 
It  is  guided  at  the  top  in  a  collar-plate  firmly  anchored  in  the 
masonry. 

The  cranes  under  No.  8  require  two  men,  in  order  to  lift  the  maxi- 
mum load.  By  means  of  a  special  arrangement  the  wheels  can  be 
thrown  out  of  gear  and  the  chain  raised  rapidly.  By  putting  his 
weight  against  the  jib  one  man  can  swing  the  crane.  Some  of  them 
are  provided  with  swinging  gear.  The  projection  and  lifting  height  of 
the  steam  cranes,  as  mentioned  under  No.  13,  were  increased. 

Deeper  harbors  were  required,  especially  for  transatlantic  liners, 
necessitating  the  construction  of  cranes  having  a  greater  lift. 

The  beam  of  vessels  was  also  in  proportion  to  the  increase  in  their 
size,  so  that  the  projecting  jib  of  cranes  had  to  be  increased  accord- 
ingly. For  this  reason  the  new  steam  cranes  were  provided  with  a  jib 
of  9.8  m.  (32  ft.)  instead  of  6.8  m.  (22^  ft.)»  aiid  a  lift  of  13.75  m. 
(45  ft.)  instead  of  10.3  m.  (34  ft.),  as  in  those  first  built. 

The  top  of  the  jib  was  raised  to  a  height  of  8.15  m.  (26i  ft.),  this, 
however,  reaching  the  extreme  limit,  as  with  a  further  increase  a  rais- 
ing of  the  shed  roofs  would  be  necessary,  to  allow  a  free  swinging  of 
the  cranes  below  them,  and  consequently  this  would  very  much  inter- 
fere with  the  dry  storage  of  goods  by  readily  exposing  them  to  rain 
and  unfavorable  winds. 

The  lifting  speed  of  the  cranes  was  1.15  m.  (3i  ft.)  per  second,  and 
with  a  speed  of  1.2  m.  (4  ft.)  the  safety  valves  of  the  hydraulic  check 
cylinders  would  be  brought  into  action. 

The  steam  crane  mentioned  under  No.  20  was  an  object  of  trial, 
having  been  previously  altered  from  the  original  construction.  It 
was  a  one -cylinder  steam  crane,  retaining  the  principle  of  the  set  of 
pulleys. 

In  place  of  the  hydraulic  check  cylinder,  a  friction  brake  was  intro- 
duced, which  was  so  designed  that  it  worked  automatically  if  the 
velocity  of  the  lifting  chain  overreached  a  certain  limit.     It  was  in- 
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tended  to  simi^lify  the  construction  of  the  crane  and  to  avoid  the  in- 
convenience of  draining  the  water,  which  was  necessary  during  cold 
weather  when  the  crane  was  not  in  use,  in  order  to  prevent  any  damage 
through  frost.  No  alteration  was  made  in  the  bogie  or  in  the  turning- 
gear;  the  advantages  gained  by  this  construction  were,  however,  of  no 
great  value,  and  did  not  balance  the  disadvantages  which  arose  in  the 
working  through  the  introduction  of  a  second  system.  The  15  steam- 
cranes  described  under  No.  25  and  No.  26  were  required  in  augmenting 
the  working  material.  The  length  of  vessels  calling  at  Hamburg  was 
constantly  increasing,  and  the  number  of  hatches  increased  in  like  jsro- 
portion.  The  earlier  ships  had  only  two  hatches;  whereas,  in  modern 
vessels  four  hatches  are  very  often  arranged.  In  the  interest  of  a 
speedy  despatch  it  became  necessary  to  work  all  hatches  at  once,  thus 
necessitating  an  increase  in  crane  material. 

The  ample  supply  of  cranes  for  the  quays  which  followed  material- 
ly furthered  a  quicker  desi3atch  of  vessels. 

But  the  transfer  of  the  discharged  goods  from  the  quay-sheds  into 
the  railway  cars,  which  were  placed  behind  the  sheds,  was  found 
difficult  to  perform.  Owing  to  the  growing  activity  it  became  neces- 
sary to  have  suitable  lifting  gear.  The  use  of  the  railway  track,  situ- 
ated in  front  of  the  quay-sheds  parallel  to  the  crane  track,  was  to 
be  avoided  as  much  as  possible,  and  for  this  reason  the  transport  to 
the  back  of  the  sheds  and  into  the  cars  had  to  be  facilitated.  For  this 
purpose  wall  cranes  were  arranged  (see  under  No.  29)  close  to  the  back 
of  the  shed,  with  a  lifting  power  of  2  500  kg.  The  cranes  arranged 
in  the  modern  sheds,  having  no  massive  walls,  were  jjlaced  on  separate 
foundations  and  were  held  at  the  top  of  the  crane  post  in  strong  iron 
bands  connected  with  the  walls.  The  lifting  gear  was  arranged  so  as  to 
allow  a  change  in  the  lifting,  having  one  set  for  heavy  goods  and 
another  set  for  lighter  goods  up  to  750  kg. ;  the  heavier  goods  to  be 
lifted  by  two  men,  and  in  all  the  other  cases  the  cranes  to  be  worked 
by  one  man  only.  These  cranes  are  of  particular  advantage  when  the 
cars  are  to  be  filled  with  light  goods  at  great  height,  such  as  wool,  etc. 

The  reduced  amount  of  trade  material  furnished  in  the  years  from 
1885  to  1888  corresijonded  with  the  building  of  quays  then  ijrojected 
and  begun,  being  the  consequence  of  Hamburg's  incori^oration  in  the 
German  custom  union.  At  the  end  of  the  year  1888,  there  were  in  use 
117  steam  cranes,  which  number  since  that  time  has  been  rapidly  in- 
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creased.  Tlie  first  quay  lines  opened  for  iJublic  use  in  consequence  of 
the  incorporation  were  the  Versmann  quay  and  the  Amei-ica  quay. 
These  were  furnished  with  25  and  12  movable  steam  cranes,  respec- 
tively, shown  under  Nos.  32  and  33  (see  Fig.  3). 

Welded  plates  were  tried  for  crane  boilers,  which  were  afterwards 
found  to  give  great  satisfaction.  Another  trial  was  made  with  two 
cranes  furnished  with  wire  rope  instead  of  chains. 

At  this  time  the  lack  of  means  for  lifting  very  heavy  loads  was  felt. 
Even  the  existing  40-ton  hand  crane  did  not  suffice,  for  instance,  in 
shipping  heavy  gun-carriages  and  guns.     Therefore  a  steam  crane  of 

Fig.  3. 

(SectioKi, 

QuerschniH. 

20^0 


»  taft  engl,' 


Schuppen:am  Versmannquai . 

150  tons  lifting  power  was  built,  in  order  to  meet  the  growing  require- 
ments (see  No.  34  of  the  table,  and  Fig.  4). 

This  gigantic  crane  is  the  heaviest  in  use  at  any  European  trading 
port,  and  is  situated  at  the  entrance  of  the  largest  harbor  of  Hamburg, 
viz.,  of  the  " Segelschiflfhaf en, "  at  a  place  called  Krahnhoft,  and 
is  easily  reached  by  ships  of  any  size.  The  crane  is  connected  with 
the  railway  lines,  and  can  be  reached  by  all  kinds  of  vehicles. 

The  crane  swings  on  a  pivot  which  is  fastened  to  the  foundation 
with  eight  heavy  stays,  and  moves  on  32  steel  rollers  of  500  mm.  (19i 
ins.)  diameter  and  180  mm.  (7  ins.)  breadth,  traveling  on  a  track  of 
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cast  steel;  tlie  projection  of  tlie  crane  jib  from  tlie  center  of  pivot  to 
the  chain  being  17.3  m.  (56|  ft.)  and  10  m.  (33  ft.)  outside  of  the 
quay  wall.     The  height  of  the  pulley  over  the  top  of  quay   is   31  m. 
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(101  ft.).     This  considerable  height  was  arranged  in  order  to  be  able  to 
lift  or  to  set  uj?  masts  of  sailing  vessels  when  required. 

A  ballast  tank  is  arranged,  filled  with   sand,  with  a  total  weight  of 
25  tons  ;  this  serves  as  a  balancing  weight  when  lifting. 
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The  boiler  and  engine  are  arranged  in  a  separate  iron  casing  of  the 
crane.  The  boiler  has  a  heating  surface  of  35  sq.  m.  (376  sq.  ft. )  and  a 
working  surface  of  5  atm.  (75  lbs.).  The  engine  is  of  the  double- 
cylinder  type,  each  cylinder  having  a  diameter  of  314  mm.  (12  ins.) 
and  a  stroke  of  550  mm.  (22  ins.),  and  is  fitted  with  a  double  crank 
shaft  and  with  Meyer's  expansion  valve  gear.  The  revolutions  are  60 
per  minute.  A  flat  link  chain  of  steel  is  used  as  a  lifting  chain.  The 
total  dead  weight  of  the  crane  amounts  to  230  tons,  exclusive  of  bal- 
last. "Weights  of  150  tons  can  be  lifted  6  m.  (20  ft.)  in  a  quarter  of  an 
hour,  and  one  revolution  of  the  crane  can  be  completed  in  five  minutes. 
The  massive  crane  foundation  is  based  upon  180  piles.  The  cost  of  the 
crane,  exclusive  of  foundation,  amounted  to  about  150  000  marks. 

The  hand  cranes  mentioned  under  No.  35  and  No.  36  difier  from  the 
former  in  several  respects.  First  of  all,  the  jib  is  curved  in  shape, 
similar  to  those  of  the  steam  cranes  ;  then,  the  brake  was  entirely 
altered.  In  jjlace  of  the  iron  band-brake  there  was  arranged  a  centri- 
fugal brake.  The  apparatus  essentially  consists  of  the  arrangement 
of  a  flyiijg  weight  (see  Plate  1 1 1),  which  acts  by  friction  discs,  and 
these  act  more  powerfully  the  greater  the  velocity  of  the  weight 
becomes.  By  this  means  a  complete  and  secure  regulation  of  the 
velocity  is  accomplished. 

The  load  remains  in  uniform  motion  even  if  careless  handling 
should  cause  a  sudden  accelerated  lowering.  The  driving  of  the 
winch  is  by  means  of  a  safety  winch  handle,  c,  which  is  always  turned 
in  the  same  direction,  being  worked  either  with  single  or  double 
gearing. 

By  this  means  the  handling  is  considerably  simplified.  Hurling  of 
the  winch  handle  is  prevented,  also  the  disengaging  of  jmwls  and  the 
shifting  of  brake  levers.  By  turning  the  handle  the  load  is  lifted  ; 
by  withdrawing  or  pressing,  it  is  lowered ;  and  by  loosening,  it  is 
stopped.  The  crane-man  has  only  to  work  the  winch  handle,  and  can 
give  his  full  attention  to  the  motion  of  the  load.  In  place  of  lifting 
chains,  wire  rope  is  introduced  for  these  cranes. 

For  the  transport  of  goods  from  the  quay  sheds  to  the  railway  car 
at  the  back  of  the  sheds,  there  were  arranged  for  the  "Versmann  quay 
six  wall  cranes,  shown  under  No.  37.  Contrary  to  the  former  wall  cranes 
as  furnished  to  quays,  they  were  built  movable.  The  carriage  consists 
of  two  separate  parts   which  are  arranged  one  above  the  other,  the 
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crane-post  being  fastened  between  them  (see  Plate  IV).  Every  part  of 
the  carriage  is  placed  on  rails,  being  moved  by  means  of  rollers  which 
are  conducted  along  the  wall  of  the  shed  and  securely  connected  with 
them.  The  jib  has  a  section  of  box  form,  and  encloses  the  crane  post 
like  a  mantle.  Upon  this  is  arranged  the  lifting  winch,  fitted  with  a 
safety  brake,  the  latter  being  of  similar  construction  to  that  of  the 
hand  cranes  already  described.  The  winch  is  worked  by  a  hand  wheel 
and  endless  chain,  and  the  gear  which  accomialishes  the  swinging  of 
the  cranes  is  driven  in  the  same  manner.  For  the  lifting  of  loads  a 
wire  rope  is  fitted.     The  carriage  is  moved  by  means  of  an  endless 

Fig.  5. 

Section. 


fflW^. 


Schuppen  am  Petersenquai. 

chain.  The  motion  is  received  from  a  chain  sheave  which  is  turned 
by  means  of  a  crank  shaft. 

The  cranes  supplied  to  the  Petersen  and  Asia  quays  (Nos.  38  and  39) 
differ  in  two  respects  from  the  previously  described  steam  cranes. 

First  of  all,  the  crane  carriages  received  quite  a  different  shape. 
They  were  formed  in  an  angle,  of  which  the  vertical  leg  rested  upon  the 
quay  wall;  whereas,  the  other  extends  10  to  11  m.  (33  to  36  ft.)  horizon- 
tally over  the  top  of  the  road  at  a  height  of  about  5  m.  (16  ft.),  being- 
supported  at  the  wall  end  of  quay  shed  (see  Fig.  5). 

Here,  as  well  as  on  the  quay  wall,  rails  are  arranged  on  which  the 
crane  can  travel,  having  two  wheels  on  each  side.  Upon  the  horizontal 
arm  is  placed  the  crane.  The  main  dimensions  of  the  carriage  and  the 
crane  itself  are  as  follows  : 
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1.  Diflference  in  the  height  of  the  two  rail-levels  of  the  crane 

track,  5.3  m.  (17  ft.  5 ins.). 

2.  Projection  from  center  of  crane   to    center   of    lifting  rope, 

11  m.  (36  ft.). 

3.  Greatest  free  passage  below  the  crane,  4.95  m.  (16  ft.  3  ins.). 

4.  Projection  from  edge  of  quay  wall  to  center  of  rope,  8.25  m. 

(27  ft.). 

5.  Lifting  height  of  the  crane  for  the  Petersen  quay,  13.75  m.  (45  ft.) 

6.  "  "  "  Asia  quay,  18  m.  (59  ft.). 

Fig.  6. 
Pl&H  of  situation. 
Laqeplan 


Mitte  des  Petersenquai.    Lageplan. 

The  cranes  are  not  supplied  with  sejaarate  boilers;  but  the  32  cranes 
of  the  Petersen  quay  and  the  27  cranes  of  the  Asia  quay  are  combined 
respectively  with  a  central  boiler  station  for  each,  which  suj^ply  the 
steam  for  the  cranes. 

Both  constructions  are  of  the  same  type  and  differ  only  in  details. 
For  this  reason  the  following  gives  the  description  of  the  construction 
at  the  Petersen  quay  only.  This  extends  over  a  length  of  1  250  m. 
(4  100  ft.),  and  has  four  sheds,  each  of  which  is  260  m.  (850  ft.)  long. 
In  the  center  of  the  quay,  between  the  two  middle  sheds  and  parallel 
to  their  longitudinal  axis,  the  boiler-house  is  erected.  From  this,  two 
branches  of  steam  jiipes  are  laid,  each  being  625  m.  (2  050  ft.)  long,  to 
which  the  movable  steam  cranes  may  be  connected  at  any  convenient 
distance  of  9  m.  (29j  ft.)  apart  (see  Fig  6). 
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The  boiler-liouse  contains  six  boilers,  eacli  having  a  heating  surface 
of  135  sq.  m.  (1  450  sq.  ft.)  (see  Fig.  7.)  Three  of  them  supply  the  steam 
for  the  32  cranes  and  the  two  100-H.  P.  engines  which  are  used  for  driv- 
ing the  dynamos  at  the  electric  station  of  the  Petersen  quay.  Two  of 
the  boilers  are  for  the  supjaly  of  steam  for  the  engines  of  the  neighboring 

Fig.  7. 
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Kirchenpauer  quay,  to  drive  the  electric  cranes,  and  one  is  in  reserve. 
As  the  boiler-room  for  the  six  boilers  allowed  a  depth  of  9.6  m.  (13  ft. 
6  ins.)  only,  it  was  necessary  to  introduce  water-tube  boilers,  these 
being  shorter  than  those  with  large  water  space.  It  was  found  neces- 
sary to  introduce  a  boiler  pressure  of  13  atm.  (195  lbs.  per  square  inch), 
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in  order  to  maintain  a  pressure  of  10  atm.  in  tlie  cylinder  of  the  crane 
whicli  is  connected  nearest  the  end  of  the  pipe,  at  a  distance  of  625  ni. 

(2  050  ft.). 

The  general  arrangement  of  the  boilers  consists  of  three  upjaer 
boilers  with  only  one  water  chamber.  The  generated  steam  of  all 
boilers  is  gathered  in  a  copper  receiver  of  250  mm.  (10  ins.)  diameter. 
The  pipes  with  their  branches  to  both  sides  of  the  Petersen  quay  are 
connected  with  this  receiver,  and  can  be  shut  off  by  special  stop  valves. 
Besides  these,  separate  valves  of  smaller  size  are  connected  with 
the  receiver,  in  order  to  supply  the  steam  to  the  auxiliary  engines, 
such  as  those  used  for  the  electric  light  station,  therestarting-injector, 
and  the  steam  feed  pump.  All  these  valves  are  arranged  in  the  boiler- 
house. 

The  steam  pipes  are  conducted  over-head  on  bridges  across  the  rail- 
way lines  and  the  road  into  the  quay  sheds.  The  pipes  are  placed  on 
a  gangboard  which,  in  connection  with  the  rail  bearers  of  the  crane 
wheels,  is  mounted  on  the  columns  of  the  sheds.  The  steam  pij^es 
throughout  are  of  j^atent  welded  iron,  their  internal  diameter  being 
at  the  entrance  100  mm.  (4  ins.)  and  at  the  end  60  mm.  (2|  ins.).  Special 
care  is  taken  in  the  connection  of  the  flanges,  in  order  to  avoid  any 
leakages  whatever. 

For  this  reason  the  jjipes  received  strong  welded  iron  collars  at  the 
ends,  these  being  kept  in  place  by  loose  iron  flanges  and  bolts,  with 
check-rings  between  them.  The  so-called  lens -packing  j^ieces  are 
used  for  check-rings;  they  are  of  bronze,  and  are  manufactured  in 
the  form  of  lenses,  which  are  carefully  ground  into  the  conical  turned 
seats.  Notwithstanding  the  periodical  steam  consumption  of  the 
cranes,  causing  violent  shocks  in  the  pipe  arrangement,  these  flange 
connections  have  given  entire  satisfaction. 

At  distances  of  about  70  m.  (230  ft.),  there  are  arranged  si^ecial 
water  separators,  made  of  wrought  iron,  and  there  are  two  expansion 
jjieces  fitted  to  each  side  of  each  separator.  Between  the  separators, 
the  pipes  are  fitted  to  small  movable  carriages,  in  order  to  secure 
a  free  motion  of  the  pipes  in  every  direction.  A  steam  gauge  is 
fitted  to  each  separator,  to  indicate  the  steam  pressure  at  that  point. 
The  valves  connecting  the  steam-cranes  are  arranged  9  m.  (29^  ft.) 
apart. 

In  order  to  prevent  the  condensation  of  steam  as  much  as  possible. 
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the  pipes,  having  been  heated,  were  covered  with  a  coat  of  asbestos  10 
mm.  (f  in.)  thick.  This  coat  was  covered  again  with  asbestos  rings  of 
15  mm.  (fin.)  thickness,  20  mm.  (J  in.)  width,  j^laced  50  mm.  apart, 
on  this  again  being  laid  a  close  mantle  of  cork  of  40  mm.  thickness, 
served  wdth  wire.  The  spaces  formed  between  the  asbestos  coat 
and  the  cork  mantle  were  filled  with  a  mixture  of  cork  and  gyp- 
sum. A  wrapping  of  hydrated  sulphate  of  lime  was  laid  round  the 
whole,  and  this  again  was  mounted  with  non-conducting  material 
jjrepared  with  black  japan,  and  when  finished  was  coated  with  black 
japan.  This  jacket  was  stopped  near  the  flanges  by  cast-iron  rings. 
The  space  between  these  rings  was  filled  with  loose  pieces  of  cork  and 
closed  with  a  divided  case  of  zinc,  50  mm.  (2  ins. )  thick,  filled  with 
cork-stone. 

The  moving  of  the  frame-formed  crane  carriage  is  accomplished  by 
means  of  hand-gear,  so  constructed  that  the  two  wheels,  one  being 
arranged  at  the  water  and  the  other  at  the  land  side,  can  be  turned 
together,  or  after  withdrawing  a  clutch  the  wheel  on  the  water  side  can  be 
worked  alone,  this  being  necessary  when  the  cranes  are  moved  through 
the  curved  part  of  the  track.  The  crane  cai-riage  is  mounted  with  a 
turned  cast-iron  race-ring,  on  which  the  upper  crane-frame  is  jjlaced, 
by  four  rollers.  The  frame  is  guided  by  means  of  a  steel  pin,  fitted 
to  the  boss  of  the  cast-iron  race.  A  hole  is  bored  in  the  center  of  the 
steel  jjin,  to  allow  the  steam  pipe  to  j^ass  through  it  (see  Fig.  8). 
One  part  of  the  steam  crane  pipe  is  fastened  to  the  crane  carriage;  to 
this  is  connected  a  jointed  pipe,  fitted  at  the  one  end  to  the  above-men- 
tioned main  steam  pipe  and  at  the  other  side  a  small  piece  is  fitted  to 
the  steam  cylinder,  which  follows  the  turning  motion  of  the  crane. 
The  stuffing  box  accomplishing  this  motion  is  jjlaced  in  the  axis  of  the 
crane. 

In  order  to  receive  an  exact  restilt  of  the  efficiency  of  this  cen- 
tral system  of  crane  construction  relative  to  the  boiler  and  pipe 
arrangement,  a  series  of  trials  was  made  in  the  following  manner  : 

Sixteen  of  the  cranes  were  tried  continuously  with  the  maximum 
load  of  2  500  kg.  each,  for  a  i^eriod  of  9  hours,  being  supi^lied  with 
steam  from  one  of  the  two  steam  pipes  of  625  m.  (2  050  ft.)  length. 
Each  crane  raised  the  load  from  the  floor  of  the  shed,  swung  it  over  the 
Avater,  dej^osited  it  at  the  water  level,  raised  and  brought  it  back 
again  in  the  same  way.     The  total  lifting  height  completed  during  one 
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turn-play  of  the  crane  was  about  12  m.  (39  ft.),  and  the  total  distance 
swung  was  about  60  m.  (195  ft.).  Each  crane  made  on  the  average  26^ 
double  strokes  jjer  hour,  but  the  efficiency  of  some  of  them  was  in- 
creased to  40  strokes  per  hour. 

•In  both  boilers  kept  under  steam  during  this  work,  1  kg.  of  coal 
evaporated  8. 6  kg.  of  steam  of  736  calorics  (normal) ;  the  utilization  of 
fuel  was  TO^o  ;  the  evajioration  for  1  sq.  m.  (10^  sq.  ft.)  heating  surface 
per  hour  was  14. 6  kg.  and  the  cost  of  1  000  kg.  of  normal  steam  was 
2.45  marks. 
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The  steam  piping  condensed  1.55  kg.  of  water  per  square  meter  (10  J 
sq.  ft.)  inside  surface  of  the  pipes;  the  r>on-conducting  covering  of  these 
diminished  the  radiation  of  heat  by  38  per  cent.  There  was  no  loss  of 
pressure  in  the  jjipes  when  the  cranes  were  not  working;  when  hoisting 
with  10  cranes  simultaneously,  for  one  moment  the  greatest  loss  of 
pressure  was  1.6  atm.  (24  lbs.  jyer  square  inch).  The  mean  velocity  of 
the  steam  in  the  jjipes  was  18  m.  (59  ft.)  per  second;  when  10  cranes 
worked  simultaneously,  the  velocity  of  the  steam  rose  to  30  m.  (99  ft.) 
per  second. 
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The  cost  of  moving  one  ton  of  cargo  by  means  of  a  crane  connected 
with  this  central  steam  crane  station  of  the  Petersen  quay  was  0.293 
marks  in  the  year  1891.  On  the  Versmann  quay,  however,  where  each 
crane  has  its  own  fire,  the  cost  was  0.349  marks.  Therefore,  one  ton 
of  goods  is  discharged  5. 6  pf enniges  cheaper  on  the  Petersen  quay  than 
on  those  quays  without  central  steam  crane  stations.  Thus,  in  spite  of 
the  high  cost  of  building  the  cranes,  they  work  more  economically. 

The  building  of  the  central  steam  crane  station  on  the  Petersen 
quay  showed  the  great  advantage  which  a  central  distributing  station 
can  have  in  the  working  cost.  On  the  other  hand,  the  steam  pipes 
showed  that  there  was  still  a  considerable  loss  of  ]5ressure  through 
condensation  in  them,  besides  the  difficulties  of  their  construction, 
which  had  to  l>e  surmounted  on  account  of  the  high  pressure  and  the 
high  first  cost.  Then,  again,  the  heavy  shocks  which  were  j^roduced 
in  the  pipes  by  the  periodical  taking  away  of  steam  by  the  cranes  made 
careful  working  a  necessity. 

These  circumstances  caused  the  use  of  the  electric  transmission  of 
power  to  be  considered,  especially  as  cables  are  not  only  much  cheaper 
than  pipes,  but  also  because  the  loss  of  power  can  be  reduced  at  will 
by  altering  the  section  of  the  cables.  Then,  again,  cables  can  be  laid 
above  or  under  the  ground  in  a  very  simple  manner,  without  jsipes  and 
without  the  necessary  bridges  across  streets  and  railways  which  pipes 
require. 

A  further  advantage  was  expected  in  respect  to  the  economical  use 
of  power  when  electro-motors  were  introduced  for  the  cranes,  princi- 
pally because  an  electro-motor  automatically  takes  a  quantity  of  elec- 
tricity sufficient  for  lifting  or  lowering  the  load. 

As  up  to  the  year  1891  nothing  was  known  of  electi'ic  cranes  suit- 
able for  the  conditions  of  the  Hamburg  quays,  it  was  decided  for  the 
present  to  build  two  trial  electric  cranes  (No.  52  of  the  table)  before 
providing  the  whole  length  of  a  quay  with  such  cranes.  As  there 
was  a  central  station  for  electric  light  on  the  Petersen  quay,  the  size 
of  which  was  considered  ample  for  the  electric  trial  cranes,  these  were 
placed  on  the  Petersen  quay. 

Both  cranes  resemble  the  steam  cranes  on  the  Petersen  quay  in  their 
principal  dimensions  and  in  the  weight  of  the  load  to  be  lifted.  The 
construction  of  the  carriage  differs  very  little  from  that  of  the  steam 
cranes,  and  they  are  moved  like  them  along  the  quays  by  means  of 
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hand  gear.  However,  the  lifting  and  swinging  gear,  and  also  the 
brake,  have  been  considerably  altered  on  account  of  the  rotary  motion 
common  to  electric  motors. 

One  crane,  construction  A,  has  a  winding  engine,  consisting  princi- 
pally of  a  treble-threaded  worm  working  in  an  oil  trough,  which  turns 
a  worm  wheel,  on  whose  steel  shaft  the  cast-iron  rope  drum  is  fastened. 
Worm  wheel  and  rope  drum  are  fitted  between  two  strong  cast-iron 
stands,  which  are  fastened  to  the  cast-iron  jjlatform  and  j^laced  as  far 
back  as  jjossible  in  order  to  act  as  a  counterweight  to  the  jib  and  the 
load  of  2  500  kg.  hanging  to  it.  The  tension  stays  of  the  jib  are  bolted 
to  the  top  of  the  stands,  and  the  foot  of  the  compression  stay  to  the 
platform.  The  jjulley  for  the  steel  wire  rope  is  fixed  at  the  top  of  the 
jib,  and  is  made  as  large  as  possible.  One  end  of  the  wire  rope  carries 
the  hook,  which  is  provided  with  a  buffer,  and  the  other  end  is  either 
wound  or  unwound  on  the  drum,  which  has  turned  grooves  to  take  up 
the  rope.  The  shaft  of  the  worm  is  coui^led  direct  to  a  joined  40 
H.  P.  electro-motor,  making  500  revolutions  per  minute  by  means  of 
an  elastic  steel  brush  coupling.  A  wedge  brake  is  fitted  to  the  worm 
shaft  and  can  be  worked  by  the  controlling  lever  ;  the  worm  shaft, 
and  therefore,  the  drum  and  load,  can  be  stopped  instantaneously,  and 
the  elastic  brush  couisling  at  the  same  time  allows  the  armature  to 
revolve  for  a  short  time,  till  its  energy  is  consumed.  By  this  means 
the  armature  and  the  different  j^arts  of  the  winding  engine  are  not 
overworked  and  damaged.  The  high  threaded  worm  gearing,  whose 
efficiency  after  the  building  of  the  crane  was  ascertained  to  be  70%, 
has  the  advantage  that  the  worm  turns  back  of  its  own  accord  and 
turns  the  electro-motor  when  the  load  on  the  hook  descends.  However, 
as  the  shunt  electro-motor,  according  to  its  peculiar  nature,  always  re- 
mains at  its  normal  speed,  it  acts  in  this  case,  not  only  the  part 
of  a  speed  brake,  but  also  utilizes  the  excess  of  turning  power, 
producing  a  current  and  sending  it  along  the  wire.  Besides  this  speed 
bi'ake,  which  acts  by  the  nature  of  the  electro-motor,  there  is  another 
special,  electric  safety  brake  for  cases  when  the  current  is  iuter- 
rujjted. 

It  consists  of  a  specially  strong  brake  wheel  with  a  wedge  brake,  and 
is  fastened  to  the  shaft  of  the  drum  next  to  the  worm  wheel.  The  un- 
equally armed  brake  lever  carries  on  its  short  arm  the  brake  blocks 
and  on  its  other  arm  a  weight,  which  presses  the  brake  into  the  groove 
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of  the  brake  wheel.  Besides  this,  there  is  an  electro-magnet  under  the 
brake  lever  which  is  surrounded  by  the  wire  in  such  a  way  that  it  at- 
tracts the  lever  and  loosens  the  brake  when  the  circuit  is  closed.  How- 
ever, should  the  current  be  interrupted  in  any  way,  the  electro-magnet 
loosens  the  brake  lever,  the  brake  blocks  fall  into  the  groove  and  hold 
the  drum  and  with  it  the  load. 

The  platform  of  the  crane  is  made  hollow  and  rests  upon  three 
wheels,  which  run  on  a  turned  iron  ring  on  the  carriage.  The  start- 
ing platform  is  pivoted  on  a  hollow  steel  pin,  which  also  contains  the 
wires  for  the  electric  current.  The  swinging  gear  of  the  crane  is  placed 
inside  the  platform.  It  consists  of  a  separate  electro-motor  of  6  H.  P. 
^T.th  a  series  of  circuit  closers,  which  is  connected  with  a  worm  shaft 
by  a  steel  brush  coupling,  and  it  turns  the  front  or  driving  wheel  of 
the  platform.  The  motor  is  i^rovided  with  a  series  of  circuit  closers, 
in  order  to  drive  it  at  any  speed  besides  the  normal  speed,  which  it 
attains  by  the  velocity  of  the  load  of  2  m.  There  are  two  levers  re- 
sembling the  starting  levers  on  locomotive  engines  for  the  lifting  and 
swinging  gear. 

The  regulating  lever  of  the  winding  engine  acts,  not  only  upon  the 
brake  on  the  worm  shaft,  but  also  upon  the  resistance  of  starting,  and 
upon  an  electric  switch,  which  starts,  reverses  and  stops  the  motor. 
Besides  this,  the  simple  mechanism  of  a  brake  wheel  turns  the  starting 
lever  automatically  to  its  middle  position  and  thus  stops  the  whole 
winding  engine,  when  the  attendant  releases  the  slipper  handle  or  the 
lever  handle. 

The  starting  lever  of  the  swinging  gear  controls  the  reversing  of  a 
Sprague  switch,  which  gives  the  motor  its  several  directions  of  rota- 
tions. This  lever  is  also  connected  with  a  similar  brake  gear  to  that 
of  the  winding  engine.'  Both  levers  are  worked  by  one  man,  and  the 
hoisting  and  swinging  can  be  done  simultaneously  by  them. 

The  current  is  cond acted  to  the  crane  by  means  of  a  copper  con- 
tact race,  fastened  to  the  pillars  of  the  quay  sheds.  In  this  way  it  is 
possible  to  i>ut  the  crane  in  any  jjosition  on  the  quay  without  having 
recourse  to  peg  switches,  etc.,  for  the  cables. 

The  other  crane,  construction  B  (see  Plate  V),  has  quite  a  different 
winding  engine  and  also  diflferent  swinging  gear  to  the  one  described 
above.  Instead  of  worm  gear  it  is  fitted  with  spur  wheels,  and  the 
swinging  gear  consists  of  a  combination  of  worm  and  wheel  gearing. 
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The  winding  and  swinging  gear  are  both  placed  on  the  cast-iron  sole- 
plate,  which  carries  the  wrought-iron  jib. 

The  electro-motor,  being  the  heaviest  part  of  the  winding  engine, 
was  placed  quite  at  the  back,  to  balance  the  crane.  The  motor  makes 
500  revolutions  per  minute,  and  transmits  its  movements  to  the  dram 
by  means  of  a  pair  of  geared  spur  wheels  with  inclined  teeth. 

The  great  circumferential  velocity  of  the  drum  necessitated  the  use 
of  rope  driving  with  a  movable  pulley,  which  has  the  advantage  of  a 
thin  wire  rope  and  a  short  rope  drum  and  brake.  A  safety  brake  is 
fitted  with  a  special  brake  lever  which  stops  the  load  at  once  when 
the  attendant  carelessly  lets  go  the  lever,  or  if  an  interruption  of  the 
circuit  should  suddenly  take  place.  It  consists  princijially  of  a  brake 
sheave  fitted  to  the  drum  shaft  and  jammed  by  a  balanced  weight  lying 
between  two  brake  blocks.  When  the  crane  is  not  working,  the  rope 
barrel  is  automatically  thrown  into  gear  with  the  jammed  brake  wheel; 
whereas,  when  the  load  is  lifted  this  coupling  disengages  itself. 

The  starting  platform  of  the  crane  rests  with  four  wheels  on  a 
turned  iron  race  ring,  fastened  to  the  carriage.  The  swinging  gear  is 
on  the  starting  platform  between  the  large  spur  wheel  and  the  brake 
wheel  and  below  the  rope  barrel.  On  the  shaft  of  the  electro-motor  with 
its  series  of  circuit  closers  is  a  worm  which  drives  a  horizontal  worm 
wheel.  A  vertical  shaft,  whose  bottom  end  passes  through  the  plat- 
form, carries  at  its  end  a  spur  wheel,  which  is  geared  to  the  inside 
teeth  of  the  ring  on  the  carriage.  The  platform  has,  like  the  crane 
described  above,  a  steel  pivot  in  its  center,  through  which  the  wires 
of  the  motor  pass. 

For  working  the  crane  there  are  three  levers,  so  as  to  have  the  same 
arrangement  as  on  the  steam  cranes.  One  is  for  lifting,  one  for  the 
brake  lever  (used  at  the  same  time  for  lowering  the  load)  and  one  for 
swinging.  The  lifting  and  brake  levers  are  to  the  right  and  the  swing- 
ing lever  to  the  left  of  the  attendant. 

By  moving  the  lifting  lever  forward  the  load  is  raised,  and  by  moving 
it  backward  the  load  is  held  fast.  The  same  movements  have  to  be 
made  with  the  brake  lever  for  lowering  and  holding  the  load.  In  order 
to  let  the  electro-motor  work  as  a  generator  of  electricity  and  send  back 
a  current  along  the  wire  when  lowering  the  load,  the  lifting  lever  has  to 
be  moved  forward  after  the  lirake  lever.  In  order  to  hold  the  load 
again  both  levers  are  turned  back  again.     In  all  these  movements  the 
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starting  resistance  alone  is  controlled  by  the  lifting  lever  and  the 
switch  by  the  brake  lever. 

By  means  of  this  swinging  lever  ensues,  at  the  same  time,  the  connec- 
tion of  the  electric  motor,  and  of  the  resistance  as  well  as  the  change  of 
connection. 

The  lever  is  in  its  middle  position  when  the  crane  is  not  working. 
By  moving  it  forward  or  backward  the  motor  is  reversed  by  changing 
the  poles  of  the  magnets,  and  the  several  turning  directions  of  the 
armature  arc  accomislished  in  this  way.  Contrary  to  the  crane  de- 
scribed first,  the  connection  with  the  main  cable  is  made  by  peg 
switches,  and  the  free  ends  of  both  crane  cables  are  joined  to  the  main 
cable  in  special  closed  boxes  at  a  distance  of  9  m.  from  one  another. 

The  crane,  construction  A ,  has  been  working  for  one  and  a  half  years, 
and  the  crane,  construction  B,  for  one  year.  They  have  proved  suc- 
cessful during  this  time,  esi^ecially  in  periods  of  severe  frost,  when 
they  showed  the  advantage  of  their  dry  working  over  the  steam  cranes. 
Before  the  cranes  were  vised  they  underwent  a  large  number  of  trials, 
the  results  of  which  are  tabulated  in  the  diagrams.  With  a  maximum 
load  of  2  500  kg.  every  crane  worked  three  hours  continuously  and 
completed  45  double  strokes.  There  was  no  heating  of  the  machinery 
in  any  of  the  cranes. 

It  follows  from  the  diagrams  of  current  consumption  that  the  cur- 
rent produced  by  the  load,  particularly  in  loading,  viz. ,  in  moving  the 
goods  from  the  quay  sheds  down  into  the  hold  of  the  ships,  was  very 
strong  and  that  there  was  a  saving  of  current  of  over  50j?i^  (see  Plate 
VI).  When  it  is  considered  that  two-thirds  of  the  goods  discharged 
from  ships  at  the  quays  of  Hamburg  are  moved  again  on  lighters, 
the  importance  of  this  return  current  for  cranes,  worked  from  a 
large  central  station,  will  be  clearly  seen.  As  a  rule,  a  certain  number 
of  cranes  are  loading,  and  on  the  other  hand  the  others  are  discharging 
at  the  same  time.  In  this  case  the  return  current  jsroduced  by  the 
loading  cranes  flows  directly  to  those  discharging  and  discharges  the 
dynamos  in  the  central  station.  Accumulators  are  placed  on  the 
Petersen  quay  in  connection  with  the  electric  station.  They  are 
charged  when  the  two  electric  cranes  are  working.  The  return  cur- 
rent produced  by  the  cranes  is  used  in  the  smaller  works  to  relieve  the 
dynamos  charging  the  accumulators. 

It  will  be  clear  from  the  foregoing  description  that  the  dynamos  can 
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be  made  smaller,  and  that  there  is  a  great  saving  in  building  and  work- 
ing expenses  with  these  cranes  compared  to  the  steam  cranes  of  the  same 
efficiency. 

The  semi-arch  hand  cranes  shown  under  Nos.  45  and  46  are  fitted 
with  disengaging  gear,  in  order  to  accomplish  a  quicker  lifting  of  the 
vacant  hook.  These  cranes  work  with  wire  rope.  There  are  arranged 
corrugated  sheet-iron  cabins  for  the  attendant  working  the  semi-arch 
cranes,  to  protect  him  from  wind  and  weather.  These  shelters  are  not 
required  for  those  cranes  Avhich  are  arranged  at  lower  jjlaces  of  the 
earlier  quay  constructions.  The  semi-arch  cranes  No.  47  were  arranged 
in  place  of  the  wall  cranes  previously  in  use.  They  throw  a  bridge 
across  the  railway  track. 

All  wire  ropes  are  worked  with  a  factor  of  safety  not  less  than  six. 
They  are  fitted  with  lift  guards,  in  order  to  prevent  jamming  with  the 
top  pulley  of  the  jib. 

The  steam  cranes  shown  at  No.  53  have  boilers  made  of  mild 
Siemens-Martin  steel. 

The  semi-arch  steam  cranes  shown  at  No.  54  were  fitted  with  auto- 
matic weigh  bridge  and  with  regulating  gear.  These  self-acting  appara- 
tus have  proved  very  successful,  having  been  previously  supplied  to 
cranes.     The  weight  of  a  semi-arch  crane  amounts  to  about  35  tons. 

The  steam  crane  No.  55  Avas  furnished  both  with  an  iron  band  brake 
and  a  patent  centrifugal  brake.  The  latter  comes  into  action  only  when 
there  is  neglect  to  duly  use  the  former.  The  crane  works  by  means 
of  a  rope,  and  is  moved  by  the  driving  gear  of  the  engine. 

The  50-ton  steam  crane  No.  56  is  a  turning  crane  fitted  with  balanced 
weight  for  the  load  to  be  lifted. 

The  crane  rests  on  16  rollers,  which  are  connected  to  each  other 
by  means  of  side  levers,  so  that  eight  rollers  always  receive  approxi- 
mately the  same  pressure,  the  maximum  load  for  each  roller  being  24 
tons.  The  crane  is  fastened  to  the  foundation  with  grappling  irons 
and  turns  round  a  pivot  and  swings  through  a  whole  circle  in  both 
directions.  Loads  of  25  tons  can  be  lifted  at  a  speed  of  1.8  mm.  (6  ft.) 
per  minute,  and  loads  up  to  50  tons  can  be  lifted  at  half  that  speed. 

Boiler,  engine  and  lifting  gear  are  directly  connected  to  the  crane. 
The  boiler  has  a  heating  surface  of  10  sq.  m.  (108  sq.  ft.),  the  engine 
being  a  vertical  twin-engine  with  double-crank  shaft.  The  diameter 
of  cylinder  is  210  mm,   (8i  ins.)  and  the  stroke  314   mm.    (12^  ins.). 
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The  engines  T\ork  -witli  Fink's  expansion  link  motion.  Weston's 
patent  brake  is  fitted,  in  order  to  prevent  untimely  lowering  of  the 
loads;  this  does  not  offer  any  resistance  by  lifting,  but  will  be  put  into 
action  by  lowering.  The  loads  are  lifted  with  wire  rope.  The  cost  of 
the  crane  amounted  to  81  000  marks. 

These  are  all  of  the  crane  constructions  which  have  been  completed 
up  to  the  year  1892. 

It  will  be  seen  from  this  communication  that  all  alterations  in  the 
construction  have  been  avoided  as  much  as  possible,  both  with  the 
steam  or  hand  cranes.  Only  absolutely  definite  improvements  were 
taken  into  consideration  which  were  found  necessary  during  working. 
The  more  variations  that  are  made  in  the  construction,  the  more  diffi- 
cult it  will  be  found  to  carry  on  the  repairs  and  to  furnish  the  necessary 
compensations. 

In  future  the  furnishing  for  the  new  harbors  now  in  course  of  con- 
struction will  be  accomplished  in  the  same  manner,  partly  consisting 
of  steam  cranes  constructed  on  the  same  principle  with  a  set  of  pulleys 
and  hydraulic  check  cylinder,  and  partly  of  electric  cranes. 

There  exists  no  inclination  for  hydraulic  cranes,  as  they  are 
endangered  during  the  winter  time  through  frost.  The  few  cranes  of 
this  type  at  present  in  use  are  situated  almost  exclusively  at  protected 
places.  The  climate  of  Hamburg  does  not  seem  to  be  favorable  to  this 
kind  of  motor,  although  it  is  not  to  be  overlooked  that  these  cranes 
jDossess  advantages  in  having  simj)le  gearing,  and  consequently  there 
is  very  little  cost  in  rei^airing  them. 

For  the  reason  above  given,  electricity  and  steam  will  be  the  future 
motors  for  the  crane  constructions  of  Hamburg. 
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METHOD   USED   TO  SECURE   THE   STABILITY  OF 

A   QUAY  WALL   AT   THE    PORT    OF  ALTONA, 

ON   THE   ELBE,    IN   GERMANY,    WHICH 

HAD      SHIFTED      ITS      POSITION 
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Bt  Bkrthold  Stahl,  Stadtbauratli  at  Altona,  Germany. 


Prepared   for  the    International    Engineering'   Congress   of   the 
Columbian   Exposition,    1893. 


Altona  is  situated  on  tlie  right  bank  of  tlie  River  Elbe,  just  below 
Hamburg,  and  closely  connected  witb  that  town.  It  has  150  000  inhab- 
itants, who  earn  their  living  by  the  commerce  and  industi'y  of  the 
town. 

The  old-fashioned  quays  were  not  adequate  to  the  needs  of  com- 
merce and  the  rapidly  developing  fishing  trade,  which  for  the  last  few 
years  has  been  in  a  flourishing  condition.  The  depth  of  the  harbor 
was  not  sufficient  for  steamers  of  great  draft,  so  that  the  latter  were 

Note. — Discussions  on  aU  papers  presented  to  the  International  Engineering  Congresa 
■will  be  i^ublished  simultaneously  in  the  number  for  December,  1893, 
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obliged  to  clischarge  their  cargoes  into  lighters  at  some  distance  from 
the  harbor.  For  two  reasons  it  was  out  of  question  to  think  of  deep- 
ening the  harbor  so  that  ocean-going  vessels  could  be  moored  along- 
side the  quays  and  loaded  or  discharged  there.  First,  the  foundations 
of  the  old  quays  were  not  deep  enough  to  give  the  necessary  depth  of 
water  at  their  sides  ;  and  second,  the  warehouses  on  the  quays 
reached  to  the  water's  edge,  so  that  it  would  have  been  imiaossible  to 
make  use  of  the  deepened  quays. 

In  order  to  get  over  this  difficulty,  the  town  of  Altona^pent  a  large 
sum  of  money,  and  bought  ground  to  the  extent  of  550  m.  (1  804  ft. 
6^  in.),  demolished  the  private  warehouses,  erected  new  quays,  with 
deep  foundations,  dredged  the  harbor  to  a  dej^th  of  4.6  m.  (15  ft.  1  in.) 
below  the  low-water  level,  and  built  a  railway  and  sheds  on  the  quays, 
so  that  Altona  has  now  a  modern  harbor,  which  meets  all  require- 
ments of  the  present  time. 

The  discharging  and  loading  at  the  quays  is  done  by  means  of 
traveling  cranes,  which  lift  the  goods  out  of  the  vessels  and  deposit 
them  in  the  sheds  or  railway  trucks  (and  t-ice  versa)  without  any  loss 
of  time.  The  ground  on  which  the  quays  were  erected  is  very  unfavor- 
able, both  as  regards  the  kind  and  the  formation  of  the  soil. 

The  section  (Fig.  1)  shows  the  ground,  which  rises  from  the  Elbe 
and  attains  the  height  of  32  m.  (105  ft.)  at  a  distance  of  about  500  m. 
(1  640  ft.  6  in. )  along  the  River  Elbe.  The  town  is  built  partly  on  the 
slope  and  partly  on  the  top  of  this  rising  ground. 

The  ground  for  the  quays  had  to  be  artificially  raised  for  a  width 
of  about  100  m.  (328  ft.)  (shown  at  A  in  Fig.  1),  and  this  was  pro- 
tected from  the  river  by  masonry  above  the  high  water-mark  (shown  at 
B  in  the  same  figure). 

The  top  laj^ers  of  the  ground  consist  of  very  fine  sand  with  numer- 
ous water-streaks.  Below  this  sand  is  a  firm  layer  of  clay,  which  rises 
to  the  hills  at  a  smaller  angle  than  the  surface.  The  clay  is  firm  when 
not  soaked  by  water.  It  is  dissolved,  however,  by  the  water,  and  is 
then  a  smooth,  soapy  body,  which  allows  the  top  layers  to  slide  down. 

As  long  as  the  water  from  the  hills  can  percolate  freely  and  without 
hindrance  through  the  sand,  there  can  be  no  fear  of  a  catastrophe. 
As  soon,  however,  as  the  free  outlet  of  the  water  is  stopped,  the 
body  of  sand  becomes  jjaiaescent,  and  the  clay  becomes  lubrical 
(soapy)  on  its  surface,  and  landslips  occur. 
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When  tlie  wall  was  built,  these  facts  must  have  been  ignored,  or,  a": 
any  rate,  not  considered  dangerous.  The  wall  was  built  and  con- 
structed nearly  on  the  same  lines  as  the  one  in  Hamburg,  but  it  must 
be  remembered  that  the  formation  of  soil  in  Hamburg  was  quite  differ- 
ent, so  that  although  it  suited  the  conditions  of  the  ground  there,  it 
did  not  prove  successful  in  Altona. 

Fig.  2  shows  the  construction  of  the  quay  clearly. 

The  front  part  of  the  wall  is  solid  and  backed  by  pillars  placed 
9  m.  (29  ft.  6  in.)  apart,  center  to  center,  and  secured  to  it.  Between 
these  jjillars  there  are  arranged  two  arches  (see  view  from  the  bank), 
the  bottom  one  being  loaded  by  sand  at  the  back,  and  the  top  one 
being  used  as  a  foundation  for  a  girder  to  carry  the  rails  of  the  steam 
cranes.  The  rail  R  (Fig.  2)  was  dispensed  with  later  on,  because  the 
front  wheels  of  the  cranes  run  on  the  edge  of  the  quay  and  the  back 
ones  on  a  rail  on  the  first  floor  of  the  sheds.  The  cranes  are,  there- 
fore, semi-arched,  and  the  railway  trucks  can  run  underneath  them, 
alongside  the  quay  wall.  This  very  successful  system  was  first  adopted 
at  the  port  of  Bremen  on  the  River  Weser.  The  advantages  of  these 
semi-arched  cranes  will  be  easily  discernable.  The  wall  is  built  of 
hard  bricks  and  cement  mortar  (1  part  of  cement  to  4  of  sand)  and 
fitted  with  all  the  necessary  gear.  It  is  built  5.8  m.  (19  ft.)  above  the 
ordinary  water  level. 

At  the  lowest  ebb  tide  the  crown  of  the  wall  is  6.8  m.  (22  ft.  4  in.) 
above  the  low- water  level. 

The  foundation  consists  of  a  pile  framing,  made  of  vertical  and 
oblique  piles,  the  tops  of  which  are  8.9  m.  (29  ft.  2  in.)  and  9.7  m. 
(31  ft.  10  in.)  below  the  ordinary  water  level.  A  tongiied  and  grooved 
piling  is  built  behind  the  wall  7  m.  (23  ft.)  high  (see  Fig.  3).  These 
piles  were  driven  with  very  great  precaution.  The  bearing  strength  of 
each  pile  was  calculated  from  the  respective  depth  it  was  driven  in. 
On  the  piles  is  fixed  a  firm  frame,  composed  of  longitudinal  and  cross 
beams  mortised  and  connected  to  one  another.  Strong  boards  are 
placed  on  these  cross  beams,  which  support  the  wall.  The  framing  is 
45  cm.  (1  ft.  6  ins.)  above  the  mean  water  level,  so  that  it  could  be  care- 
fully built  above  the  water-mark,  when  the  water  was  low. 

With  the  help  of  this  descrij^tion  and  the  drawing,  the  following 
will  be  clearly  understood. 

The  whole  length  of  the  wall  (550  m.,  or  1  804  ft.  6 J  ins.)  was  com- 
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pleted  in  two  years  witlioufc  an  accident;  and  after  filling  up  the  space 
behind,  warehouses  (sheds)  were  built  8  m.  (26  ft.  3  ins.)  behind  the 
quay  wall.  These  warehouses  are  light  buildings  made  of  corrugated 
iron,  as  will  be  seen  in  Fig.  1;  and  the  foundations  are  made  so  that 
the  wall  is  not  subjected  to  any  lateral  pressure  from  the  buildings. 

In  order  to  drain  off  the  water  of  the  hill  and  the  street,  a  drain 
was  laid  in  the  road  behind  the  sheds,  and  the  water  was  emptied  into 
the  Elbe  by  means  of  a  pipe  laid  at  right  angles  to  the  wall  (Fig.  4). 
The  drain  was  firmly  secured  to  the  quay  wall. 

At  the  beginning  of  August,  in  the  year  1890,  soon  after  the  comi^le- 
tion  of  the  quay,  cracks  were  discovered  in  the  wall  about  120  m.  (393 
ft.  8^  ins.)  long,  which  differed  from  those  hitherto  found  in  quay 
walls  in  their  position,  number  and  size,  so  that  it  was  at  first  feared 
that  the  wall  had  not  suflficient  stability.  At  the  same  time  it  was 
noticed  that  the  solid  gable  walls  of  the  sheds  placed  at  right  angles  to 
the  quay  were  cracked  and  giving  way,  and  also  that  the  pillars  suj)- 
porting  the  roofs  of  the  sheds,  and  placed  on  the  water  side  of  the 
same,  were  not  standing  vertically,  but  leaning  backwards  (to  the  land 
side),  they  were  no  longer  parallel  to  the  lower  pillars  of  the  sheds  on 
the  land  side. 

In  consequence  of  the  simultaneous  ap^jearance  of  this  double 
phenomenon,  it  was  concluded  that,  not  only  the  sheds  which,  as  men- 
tioned above,  were  built  on  a  sei^arate  foundation,  but  also  the  quay 
wall  itself,  had  moved  forward.  It  was  assumed  that  the  whole  earth- 
work had  moved  forward,  because  the  pillars  at  the  front  of  the  sheds 
inclined  considerably  towards  the  back,  so  that  their  bottom  ends  had 
been  shifted  towards  the  water,  and  because  the  pillars  at  the  back  of 
the  sheds  had  only  slightly  lost  their  vertical  jiosition.  This  was 
proved  conclusively  by  the  cross  cracks  in  the  drain  pipe,  placed  at 
right  angles  to  the  quay  wall.  Naturally,  these  cracks  were  larger 
near  the  wall  and  diminished  in  size  towards  the  sheds  (hillside). 

Without  searching  for  the  cause,  it  was  decided  to  remove  the  press- 
ure of  the  earth  on  the  wall  without  delay,  in  order  to  save  time.  The 
backing  was  taken  away,  so  that  the  wall  was  laid  bare. 

Then  the  front  foundations  of  the  pillars  of  the  sheds  were  secured 
to  the  back  ones  by  strong  stays  of  iron,  so  that  the  front  and  back 
pillars  had  to  move  uniformly  (see  Fig.  1). 

It  was  very  soon  noticed  that  the  sheds  had  stopped  moving.     The 
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back  pillars  were  bedded  in  the  firm  clay  which,  as  has  been  shown 
above,  rises  from  the  Elbe  up  to  the  hills.  By  means  of  these  stays 
the  influence  of  the  toj}  shifting  layer  uiJon  the  front  of  the  sheds  was 
removed,  as  the  back  foundations  completely  resisted  this  sliding.  In 
the  mean  time  there  was  little  fear  of  the  wall  falling  down,  as  the 
back  i^ressure  had  been  taken  away,  and  it  was  now  possible  to  measure 
the  ground  periodically,  which,  together  with  extensive  examination 
of  the  soil,  wotild  explain  the  cause  of  the  shifting. 

The  examination  of  the  soil  was  accomplished  by  means  of  earth- 
borers  and  lining  the  several  holes  with  iron  pipes,  in  order  to  observe 
the  fluctuations  in  the  rise  and  fall  of  the  ground-water.  The  influ- 
ence of  the  water  from  the  hill,  and  its  connection  with  the  rising  and 
falling  of  the  Elbe  during  ebb  and  flood,  were  particularly  investi- 
gated. 

First  of  all,  the  measurements  which  were  taken  with  the  view  of 
examining  the  moving  of  the  quay  wall,  and  which  had  to  be  made 
very  carefully  and  very  often,  will  be  described. 

The  following  points  were  determined: 

1.  The  height  of  the  wall  crown  by  leveling.  Very  little  diff'erences 
were  noticed  here. 

2.  The  inclination  of  the  wall.  In  the  design,  the  inclination  of  the 
front  surface  of  the  wall  was  fixed  at  1  in  10. 

By  means  of  an  apparatus  made  expressly  for  determining  the 
change  of  inclination,  it  was  noticed  that  the  wall  swung  gently  like  a 
pendiilum  round  a  point  of  the  j)iles,  especially  in  the  direction  of  the 
water. 

3.  The  most  difiicult  measuring  was  the  observation  of  the  travel- 
ing motion  of  the  wall  towards  the  Elbe,  and  this  was  done  by  means 
of  a  theodolite.  This  difficult  measuring  was  rendered  still  more  f  o 
by  the  wall  adopting  an  irregular  concave  form,  and  also  by  the  fact 
that  it  was  always  changing  its  position  and  therefore  impossible  to 
fix  the  instrument  anywhere  on  the  ground.  This  difficulty  was  over- 
come by  placing  the  instrument  between  two  lightning  conductors, 
which  were  fastened  to  some  high  steam  chimneys  at  a  long  distance, 
one  of  them  to  the  west,  the  other  to  the  east,  of  the  ground  to  be  ex- 
amined. In  this  way  an  immovable  vertical  plane  had  been  gained 
behind  the  wall  which  was  independent  of  the  instrument  fixed  on  the 
moving  ground,  and  from  this  plane  the  distances  of  the  several  i^oints 
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of  observation  could  be  measured  at  any  time.  In  order  to  prevent 
mistakes  of  the  instrument  entering  into  the  dimensions,  it  was  always 
fixed  exactly  in  the  same  position.  Then,  again,  the  precaution  was 
taken  of  having  the  same  engineer  make  the  measurements. 

Iron  marks  were  fixed  on  the  crown  of  the  wall,  by  which  means  it 
was  possible  to  place  measuring  rods  in  theii-  exact  position.  The 
total  number  of  marks  was  38,  and  they  were  fixed  at  a  distance  of  10 
to  20  m.  (33  to  66  ft.)  from  each  other.  Each  mark  had  its  own 
measuring  rod  marked  with  its  respective  number,  and,  before  measur- 
ing, these  rods  were  placed  in  their  proper  places.  The  rods  carried 
an  iron  point  at  one  end,  fixed  in  a  vertical  position.  This  point  was 
brought  in  the  jilane  of  sight,  and  the  rod  kept  always  in  the  same 
horizontal  plane  at  right  angles  to  the  plane  of  sight.  When  the  first 
measurement  was  made,  there  was  fixed  on  every  rod  the  distance  from 
the  plane  of  sight  to  the  mark  placed  on  the  wall,  so  that,  when 
measuring  again,  the  difference  of  the  first  measurement  could  be  ac- 
curately read  off  as  soon  as  the  rod  had  been  adjusted.  As  the  dimen- 
sions were  comparatively  small,  mistakes  could  not  occur.  This 
method  has  proved  successful  during  three  years'  observation  and  has 
given  reliable  figures  of  the  movements  of  the  quay. 

It  would  lead  us  too  far  to  give  a  description  of  the  observations 
made  during  several  years;  indeed,  it  would  be  almost  impossible  to 
show  all  the  tables  and  graphic  representations  of  all  observations  in 
this  paper.  It  will  suffice  the  practical  engineer  to  learn  that  the  data 
collected  showed  the  cause  of  the  malady  and  enabled  the  proper 
remedies  to  be  applied. 

It  turned  out  that  the  whole  body  of  earth  up  to  the  hill  above  the 
layer  of  clay  moved  towards  the  Elbe  and  jiressed  with  such  force 
against  the  quay  wall  that  the  latter  was  shifted  also  in  the  direction 
of  the  harbor.  However,  as  the  bottom  ends  of  the  jjiles  were  bedded 
in  the  blue  clay,  a  kind  of  i)endulum-swinging  round  the  ends  of  the 
piles,  took  place  at  first,  and  this  had  to  be  stojDped. 

This  could  be  done  by  very  long  and  strong  stays,  fixed  at  the  top 
of  the  pile-construction  and  connected  with  the  clay  hill  at  the  land 
side.  This  will  be  seen  from  the  section  in  Fig.  3  of  the  construction, 
and  also  Figs.  4,  5,  6,  7,  8  and  10. 

Then  it  was  advisable  to  keeji  the  backing  of  the  wall  as  light  as 
l^ossible  and  to  have  the  ground  well  drained,  in  order  to  equalize  the 
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water  level  of  the  river  and  the  ground-water  level  before  and  behind 
the  wall  as  soon  as  possible,  and  so  avoid  all  unfavorable  loading 
behind  the  wall  and  all  slipping  on  the  layer  of  clay  where  possible. 

Before  starting  this  important  work,  the  opinion  of  the  well-known 
and  highly  reputed  engineer,  Herr  Ober-Bau-Director  Franzius,  of 
Bremen  (known  in  connection  with  the  correction  of  the  Weser),  was 
asked.  He  agreed  with  the  proposals,  and  the  work  was  executed 
according  to  his  design. 

The  Stays. — In  order  to  secure  the  whole  moving  stretch  of  land  to 
the  stays,  two  thick  beams  had  to  be  fastened  beneath  the  surface  of  the 
water  (Fig.  3)  in  front  of  the  piles,  for  the  jjurpose  of  transmitting  the 
pull  of  the  stays  to  the  piles.  This  difficult  task  could  only  be  done  at 
loAV  water,  and  was  therefore  very  slow.  At  the  same  time  ditches, 
about  1.5  m.  (4  ft.  11  ins.)  broad  and  5  m.  (16  ft.  5  ins.)  deep  and  parallel 
to  one  another,  were  dug  between  the  boards  at  right  angles  to  the  quay 
wall,  at  a  distance  of  about  4.5  m.  (14  ft.  9  ins.).  The  water  was  pumped 
out  by  steam  jjumj^s.  Then  a  ditch  about  5  m.  (16  ft.  5  ins.)  broad 
and  about  50  m.  (164  ft.)  from  the  wall  and  parallel  to  it  was  dug,  into 
which  the  other  pits  opened.  At  the  intersections  of  these  longitu- 
dinal and  transverse  ditches,  which  reached  as  far  as  the  firm  clay, 
larger  pits  were  made  and  filled  with  strong  beams  of  about  2.5x2.5 
=  6.25  sq.  m.  (8  ft.  2^  ins.  x  8  ft.  2h  ins.  =  67.24  sq.  ft.)  surface, 
which  were  supported  by  the  vertical  planished  front  side  of  clay. 

The  iron  stays  were  secured  between  these  two  points,  viz.,  the 
outside  of  the  two  longitudinal  beams  placed  before  the  wall  and  the 
wooden  shield  (Fig.  7  and  4)  in  the  clay  hill  on  the  bank.  These  stays 
consisted  of  separate  pieces  (links)  5  m.  (16  ft.  5  ins. )  long,  alternately 
round  bars  8  cm.  (3.15  ins.)  thick  and  two  flat  iron  bars  of  the  same 
strength  joined  together  by  a  bolt  through  an  eye  at  their  ends,  so  as 
to  form  a  chain  (Fig.  11).  The  front  link  of  this  chain  was  first  of  all 
pushed  from  the  water  underneath  the  wall  and  between  the  i^iles  of 
the  foundation  till  the  front  bolt  of  the  stay  came  in  contact  with 
the  heavy  iron  plate  resting  on  both  horizontal  beams.  In  order  to 
tighten  this  chain  and  the  screw  behind  the  shield,  the  links  of  the 
chain  were  bedded  in  a  closed  wooden  box,  so  that  in  case  the  earth 
should  slip  while  the  work  was  in  progress  it  would  still  not  interfere 
with  the  mobility  of  the  chain.  After  all  the  links  of  a  stay  were  joined 
together,  a  task  which  often  required  3  or  4  weeks,  the  screw  on  the 
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bank  was  tightened,  and  in  this  manner  one  point  of  the  wall  after 
another  firmly  secured  to  the  immovable  hill  of  clay. 

In  all  there  were  fixed  29  stays  at  a  distance  of  4.5  m.  (14  ft.  9  ins.), 
and  the  time  sjaent  on  the  work  was  about  18  months,  which  is  ac- 
counted for  by  the  fact  that  it  had  to  be  done  mostly  under  a  heayy 
rush  of  water  and  only  at  low  water.  Another  great  obstacle  was  that 
most  of  the  stays  had  to  be  passed  underneath  the  finished  warehouses. 

The  Drainage  of  the  Ground. — Besides  the  method  of  securing  the 
wall  as  described  above,  the  draining  of  the  ground  behind  it  was  of 
the  utmost  importance.  First  of  all,  holes  were  made  in  the  grooved 
piling  under  the  wall  and  also  in  the  wall  itself  at  several  places  and 
in  different  heights.  Then  the  bottoms  of  the  ditches,  in  which  the 
stays  were  bedded,  were  filled  with  stones  so  that  a  splendid  drain  was 
formed  behind  the  wall  from  the  slope  of  the  hill  to  the  Elbe  by  which 
the  water  could  be  run  off  rapidly  and  without  danger.  The  observa- 
tions of  the  water-level  made  later  on,  have  proved  that  the  object 
sought  has  been  attained. 

The  Strengthening  of  the  Quay  Wall. — When  the  quay  wall  was 
exposed  by  the  removal  of  the  backing  it  was  seen  that  the  arches  {a 
and  b  in  Fig.  2)  of  the  wall  between  the  pillars  had  been  totally  de- 
stroyed. It  was  not  advisable  to  renew  the  arches,  because  the  press- 
ure of  the  earth  had  unfavorably  strained  the  wall  in  a  vertical  direc- 
tion. Some  of  the  supporting  pillars  had  been  detached  from  the  wall 
and  sunk.  Itwas  now  resolved  not  to  load  the  piles  and  relieve  the 
pressure  from  the  destroyed  wall  as  much  as  possible.  This  object 
was  attained  by  the  following  construction : 

The  soil  just  behind  the  quay  wall  was  dug  out  at  low  water  and 
partly  under  water  and  the  space  filled  again  with  crushed  bricks. 
By  this  means  the  backing  was  not  only  lighter,  but  the  drainage  could 
be  carried  on  at  a  deejier  level. 

On  the  top  of  these  bricks  and  behind  the  quay  wall  another  wall 
was  formed  of  lean  beton,  which  was  to  take  up  the  whole  pressure  of 
the  upper  backing  soil  by  applying  the  load  of  it  to  the  grooved  piling 
and  to  the  piles  as  low  as  possible.  In  order  to  prevent  the  stays  from 
being  strained  by  the  weight  of  the  new  wall  and  the  earth,  the  ditches 
in  which  the  stays  were  bedded  were  arched,  so  that  lasting  provision 
was  made  for  the  drainage  of  the  water. 

When  the  beton  wall  was  finished  (it  will  be  seen  from  the  drawing 


293     STAHL  ON  QUAY  WALL  AT  ALTON  A,  GERMANY. 

at  Fig.  8,  a  aud  h,  that  the  pillars  of  the  sheds  projected  clear  of  the 
profile  of  the  wall),  the  space  behind  was  filled  with  brickbats, 
which  could  be  furnished  easily  and  cheajjly  from  the  shelves  of  the 
large  brickyards  on  the  lower  banks  of  the  Elbe.  In  order  to  procure 
a  better  outlet  for  the  drainage  water,  earthen  pipes  were  cemented 
into  the  beton  wall.  The  front  wall  was  in  this  way  relieved  of  j)ress- 
ure  as  far  as  possible,  and  had  now  only  to  take  up  the  vertical  loads, 
which  were  produced  by  the  construction  of  the  crane  rails,  the  travel- 
ing cranes  and  the  movable  loads  caused  by  the  railway  trucks.  The 
ground  for  the  railway  was  constructed  as  follows :  the  space  between 
the  two  walls  was  bridged  over  by  iron  I  beams,  placed  about  1.8  m. 
(5  ft.  10.8  ins.)  apart,  and  these  beams  were  covered  with  beton  covers 
(caps),  so  that  an  empty  space  was  formed  between  the  two  walls. 
This  space  is  accessible  from  the  top,  and  by  means  of  it  the  front 
wall  can  be  constantly  observed  (see  Figs.  3  and  9). 

About  a  year  ago  the  quay  was  opened  to  full  traflfic,  and  the  loads 
moved  just  behind  the  wall  and  in  the  warehouses  have  been  ex- 
ceptionally heavy,  but  not  the  slightest  change  was  noticeable  in  the 
wall  or  ground,  so  that  it  is  expected  that  the  wall  has  been  perma- 
nently fixed.  The  cost  of  renewing  the  quays  was  about  275  000  marks, 
or  2  000  marks  per  linear  meter  (3  ft.  3  4  ins.)  of  the  quay. 
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EXPERIENCES  HAD  DURING  THE  LAST  TWENTY- 
FIVE  YEARS  WITH  WATER  WORKS  HAVING 
AN  UNDERGROUND  SOURCE  OF  SUPPLY. 


By  B.  SaijBACh,  Baurath  at  Dresden,  Saxony,  Germany. 


Translated  from  the  German  by  Clemens  Herschel,  M.  Am.  Soc.  C.  E. 


Prepared  for  the    luternatioual   Eiig-iueering-  Congress  of   the 
Columhiau  Exposition,  1893. 


The  i^reeonceived  oi^inions  which  are  frequently  expressed  against 
underground  sources  of  water  supi^ly  have  induced  the  author  to  pub- 
lish the  result  of  his  experience  gathered  during  26  years  of  practice, 
devoted  almost  exclusively  to  this  branch  of  engineering.  Although 
this  paper  will  consist  merely  of  a  series  of  descriptions  of  w^ater  works 
of  this  kind,  the  attempt  will,  nevertheless,  be  made  to  explain  the 
underlying  jirinciples  of  such  works,  and  it  is  to  be  hoped  that  other 
gentlemen,  active  in  the  same  branch  of  engineering,  will  add  the  re- 
sults of  their  experience. 

An  examination  of  the  statistics  of  water  works  constructed  in 
recent  times  will  show  that  the  number  of  such  works  having  under- 

NoTE. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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ground  sources  of  supply  has  increased  in  greater  proportion  than 
tliose  drawing  from  rivers  and  filtering  tlie  water  thus  drawn;  and 
the  use  of  such  sources  is  destined  to  attain  a  still  greater  increase,  by 
reason  of  methods,  which  have  been  discovered  quite  recently,  for 
changing  to  a  good  quality  water  which,  when  first  drawn,  does  not 
seem  fit  for  use.  Water  of  this  kind,  when  drawn  from  a  considerable 
depth,  even  when  requiring  such  treatment,  offers  the  best  of  assur- 
ances that  it  does  not  contain  the  germs  of  destructive  epidemics. 

Although  the  experience  of  the  year  1892,  in  Hamburg  and  Altona, 
has  shown  that  a  proper  filtration  of  water  is  accompanied  by  the  best 
of  results  in  this  respect,  the  assurance  is,  nevertheless,  not  present, 
as  was  shown  in  1893  at  the  filtering  jjlant  of  the  Insane  Asylum  at 
Nietleben,  near  Halle,  that  a  water  containing  disease  germs  will  be 
deprived  of  them  under  all  circumstances,  and  that  accidental  de- 
fects in  the  operation  of  the  filters  will  not  become  a  source  of  danger 
to  health.  It  must  also  be  admitted  that  a  great  danger  is  at  hand  in 
the  use  of  underground  water,  when  the  wells  cannot  Ije  kept  free 
from  the  effects  of  sewage  sinking  into  the  ground,  and  care  must  be 
taken  to  prevent  injury  of  this  kind.  It  does  not,  however,  argue 
against  such  water  in  general  that  certain  wells  have  been  dug  in 
improper  jalaces,  and  that  epidemics  have  been  caused  through  the 
infiltration  of  sewage;  it  is  also  an  unauthorized  assertion,  though 
often  made,  that  the  future  yield  of  underground  sources  of  water  sup- 
ply is  necessarily  a  matter  of  great  doubt. 

The  following  descriptions  of  underground  supplies  which  have 
proved  themselves  to  be  good  throughout  a  long  series  of  years 
should  remove  a  prejudice  of  this  kind,  and,  though  expectations  have 
not  been  met  in  certain  places,  continuous  experience  has  shown  the 
reason  therefor,  so  that  experienced  specialists  may,  in  all  cases,  judge 
of  the  existing  circumstances  with  sufficient  certainty.  In  these  ex- 
amples special  attention  has  been  given  to  the  development  of,  and  the 
experience  had  with,  the  works  of  the  city  of  Dresden  during  18  years 
of  operation,  because  esijecially  important  points  may  be  illustrated  in 
describing  this  case,  the  understanding  of  which  will  enable  every 
reader  to  reach  a  proper  conclusion. 

The  author  was  called,  in  the  year  1867,  by  the  city  government  of 
Halle  to  report  upon  the  preliminary  works  then  under  way  for  testing 
the  sources  of  supply,  and  upon  a  i^roject  for  the  water  supply  of  the 
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city.  These  works  consisted  of  borings  in  the  Aue,  near  Beesen,  above 
the  junction  of  the  Elster  and  the  Saale,  which  had  jsenetrated  a  thick 
and  widely  extended  bed  of  gravel,  and  in  drawing  for  a  long  time 
large  quantities  of  water  from  a  well  which  a  chemical  analysis  had 
shown  to  be  fit  for  the  proposed  supply. 

It  had  been  assumed,  before  undertaking  the  examinations,  that 
the  water  had  penetrated  this  bed  of  gravel  from  the  neighboring 
rivers,  and  that  when  removed  the  river  water  would  replace  it  after  a 
natural  lateral  filtration  of  the  same  through  the  banks.  That  this 
assumption  was  erroneous  was  speedily  shown  after  a  short  operation 
of  the  pumps  at  the  water  works.  In  the  first  place,  the  water  taken 
from  the  gravel  was  shown  to  have  an  entirely  diflferent  chemical  con- 
stituency from  that  of  the  river  water,  and  it  was  shown,  furthermore, 
by  a  series  of  experiments  that  a  natural  filtration  of  the  river  water 
was  wholly  imjjossible. 

To  prove  this,  several  wells  were  dug  along  the  shore  of  the  river, 
in  which  the  ground  water  maintained  a  level  of  about  4  ft.  lower  than 
the  river  water,  following  a  suitable  operation  of  the  jjumps.  When 
this  was  the  case,  the  earth  over  the  whole  water  level  on  the  river 
side  was  entirely  dry;  extending  the  well  laterally  until  within  about 
14  ins.  of  the  bank  of  the  river  would  cause  no  flow  of  water  from  the 
bed  of  the  river  into  the  well,  and  this  last  14  ins.  of  soil  was  dense  and 
impervious  to  water.  These  examinations  proved  that,  in  this  case  at 
least,  there  was  no  flow  of  water  into  the  bed  of  gravel  of  the  valley 
from  the  river,  and  that  the  water  drawn  from  the  wells  was  an  inde- 
pendent underground  source  of  sujiply  which  flowed  parallel  to  the 
river  through  the  gravel  and  followed  the  general  slope  of  the  valley. 

The  opinion  expressed  at  the  time  was  qiiite  general  that  this  bed 
of  gravel  constituted  an  indeioendent  basin,  which  would  be  exhausted 
after  a  certain  amount  of  pumping;  but  this  was  disproved  by  the  fact 
that  after  pumping  a  long  time,  the  water  in  the  wells  very  quickly  re- 
gained its  original  level.  There  was  then  great  difference  of  opinion  and 
much  fear  regarding  things  which  have  now,  after  an  interval  of  26 
years,  become  well  known  to  all  experts  in  this  branch  of  water  sup- 
ply. Nevertheless,  the  fundamental  principles  of  well-water  supply 
have  been  established  by  the  experience  of  the  water  works  of  Halle. 
These  works  now  sujjply  six  times  the  quantity  they  were  originally 
built  to  supply,  due  to  the  growth  of  the  city  and  the  draft  of  a  large 
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number  of  factories  wliicli  have  been  erected  since  tliat  time.  The 
construction  of  all  the  larger  well-water  sui3plies  for  cities  in  Germany 
has  been  based  upon  the  experience  of  Halle. 

An  examination  of  the  water  derived  from  the  gravel  showed  that 
it  was  harder  than  the  water  of  the  adjoining  river,  while  that  of  the 
Saale  Avas  still  harder  than  the  water  of  the  Elster  gravel.  The  water 
of  the  Elster  gravel  was  shown,  shortly  after  the  jsumps  were  started,  to 
contain  considerable  iron  and  to  be  disposed  to  breed  algse,  which  cir- 
cumstance caused  the  abandonment  of  the  wells  situated  in  it.  Since 
that  time,  the  Halle  works  have  yielded  an  unexceptionable  well 
water,  uj)  to  the  amount,  in  the  year  1882,  of  about  3  750  000  galls, 
per  day  (12  840  cu.  m.  per  day). 

In  passing,  the  author  desires  to  refer  to  an  attempt,  Avhich  was 
made  in  1868  at  Halle,  to  purify  the  water  containing  iron,  and  which 
has  quite  recently  again  been  used. 

It  consisted  in  allowing  the  water  to  flow  from  the  main  pipe  upon 
a  box  of  gravel,  having  a  sieve  at  the  bottom,  and  a  sand  filter  beneath 
it,  and  in  this  way  it  was  favorably  exposed  to  the  action  of  the  air. 
The  result  was  a  quick  oxidation,  as  well  as  an  escaj)e  of  the 
sulphureted  hydrogen,  and  a  yield  of  perfectly  clear  and  beautiful 
water.  This  process  was  adopted  at  a  later  date  by  the  manage- 
ment of  the  Charlottenburg  water  works,  at  which  i^lace  the  same  evils 
were  encountered,  and,  subsequently,  was  improved  ujion;  and  fer- 
ruginous water  of  these  works,  found  in  certain  of  the  wells  near  the 
Devil's  Lake,  was  thereby  made  of  a  desirable  character. 

This  ijrocess  may  j^roperly  be  used  in  many  other  places  at  which 
the  supply  of  well  water  has  had  to  be  abandoned  on  accoimt  of  the 
amount  of  iron  held  in  solution;  it  will  be  the  more  serviceable  in  such 
cases,  because,  in  most  instances,  water  of  this  character,  so  soon 
as  freed  from  its  iron  compounds,  has  been  shown  to  be  of  unexcep- 
tionable quality.  Frequently,  a  mere  aeration  will  cause  the  heavy 
iron  compounds  to  be  pi'ecipitated,  and  will  suffice  ;  as,  for  example, 
in  the  case  of  the  water  Avorks  siipplying  Norderney,  a  watering  place 
on  the  North  Sea.  The  water  which  is  taken  from  wells  dug  in  the  sand 
of  the  island  is  unfit  for  use,  whether  for  drinking  or  for  other  domestic 
uses,  on  account  of  the  quantity  of  iron  held  in  solution.  It  is  aerated 
in  a  tower,  in  which  is  a  stand-pipe,  and,  from  this,  passes  to  a  closed 
reservoir,   in    which  the  iron   is  i^reciijitated  sufficiently    during  the 
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slow  movement  of  the  water,  and  is  fit  for  the  domestic  supply  of  the 
island  immediately  upon  leaving  the  reservoir. 

Water  containing  iron  is  found  in  large  quantities  in  the  subsoil  of 
the  whole  North  German  plain  ;  in  Holstein,  Schleswig,  Friesland,  in 
the  eastern  part  of  Prussia,  and  in  Holland,  and  has  hitherto  been 
considered  entirely  worthless.  This  water  will  soon,  no  doubt,  be 
made  use  of  in  the  manner  described,  because,  by  reason  of  its  being 
drawn  from  a  ■  considerable  depth,  it  offers  the  best  of  assurances  of 
being  entirely  free  from  contamination  in  any  form,  while  a  filtration 
of  river  water  does  not  offer  absolute  assurances  that  such  water,  when 
once  charged  with  bacteria,  will,  under  all  circumstances,  again  be 
cleared  of  them.  Shortly  after  the  completion  of  the  Halle  water 
works,  the  city  of  Berlin  directed  Civil  Engineer  Veit  Meyer  to  make 
examinations  for  a  supply  of  well  water  from  the  vicinity  of  that  city. 
Such  examinations  Avere  made  near  the  Tegel  and  the  Miiggel  Lakes, 
and  showed  very  favorable  results,  so  far  as  quantity  was  concerned. 
But  the  water  drawn  from  these  wells  presented  the  same  phenomena 
as  that  drawn  from  the  Elster  gravel,  so  that  they  were  not  used. 
Similar  phenomena  were  also  observed  at  other  places  ;  as,  for  ex- 
ample, at  Niirnberg,  Leijjzig,  Konigsberg  in  Prussia,  and  at  certain 
wells  of  the  Charlottenburg  water  works,  as  above  mentioned. 

This  quality  of  the  well  water  of  the  Weser  valley  was  exhibited 
in  a  striking  manner  in  the  experiments  conducted  at  Bremen  in  1869. 
A  gallery  constructed  in  the  vicinity  of  the  Weser,  for  purposes  of 
preliminary  examination,  yielded  very  considerable  quantities  of 
water.  This,  when  drawn  from  the  wells,  was  perfectly  clear  ;  but  in  a 
very  short  time  became  of  a  brown  color,  and,  after  a  short  period  of 
settling,  precipitated  a  considerable  amount  of  clayey  iron  oxide, 
leaving  the  water  above  it  perfectly  clear. 

The  results  found  at  the  water  works  built  by  the  author  for  the 
city  of  Groningen,  in  Holland,  will  be  of  general  interest.  Although 
they  do  not  strictly  belong  here,  it  is  the  author's  wish  to  publish 
them  for  what  merit  there  may  be  in  them.  These  works  have  their 
source  of  supply  in  a  river,  called  the  Drentsche  Aa,  and  water  is  de- 
livered to  the  city  after  settling  and  a  sand  filtration. 

•  After  heavy  rain  storms,  and  during  spring  freshets  in  the  river, 
the  water  is  colored  brown  by  turf  bogs  situated  further  up  stream 
and  retains  its  yellowish,  brownish  color  after  filtration,  although  other- 
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wise  clear.  To  remove  this  color,  a  small  quantity  of  alum*  is  added 
to  it  by  a  small  pump,  while  on  its  way  to  the  settling  basins.  This 
addition  of  a  saturated  solution  of  alum  amounts  to  about  1  to  10  000,  or 
1  to  20  000,  of  water.  In  the  settling  basins  the  alum  is  speedily  dis- 
tributed throughout  the  mass  of  water  and  greatly  aids  its  clarifica- 
tion. The  coloring  matter  contained  in  the  water,  principally  iron,  is 
precipitated,  and  the  water  after  settling  from  12  to  14  hours,  and  be- 
ing filtered,  becomes  entirely  clear  and  without  color.  A  chemical 
examination  of  the  filtered  water  shows  that  the  alum  disajjpears  from 
the  water  after  clarification,  and  that  the  sulphuric  acid  contained  in 
the  water  is  increased  by  a  minute  and  hardly  perceptible  amount.  A 
very  im^jortant  result  was  proved  by  the  experiments  of  Professor 
Dr.  von  Calcar,  of  Groningen,  viz.,  that  during  this  operation,  every 
trace  of  bacterial  life  had  vanished. 

The  alum  which  is  gathered  in  the  residue  of  the  settling 
basins  retains  its  action  for  some  time,  so  that  the  amount  of  alum 
to  be  added  can  be  diminished.  The  sludge  removed  from  the  set- 
tling basins  forms  a  valuable  manure.  The  cost  of  this  operation  is 
very  small,  in  view  of  the  use  to  which  the  sludge  can  be  put,  and  it 
is  of  material  benefit  to  clarify  the  water  and  free  it  of  iron  com- 
pounds, and  to  destroy  deleterious  germs  contained  in  the  water.  The 
system  has  been  tried  at  this  place  for  13  years  and  may,  in  other 
like  cases,  be  of  great  service. 

In  certain  cases,  when  there  is  only  a  small  amount  of  iron  in  the 
water,  as,  for  example,  at  the  new  water  works  of  the  city  of  Leipzig, 
it  has  been  left  for  consumers  to  remove  the  same  by  individual  filters; 
but  this  cannot  be  recommended,  as  it  is  difficult  to  control  the  clean- 
liness of  such  filters,  and  it  would  be  better  that  the  treatment  and 
clarification  of  the  water  should  take  j)lace  before  it  is  allowed  to 
enter  the  distribution  pipes. 

To  deliver  water  in  such  large  quantities  as  10  000  000  to  25  000  000 
galls.  (40000  to  100  000  cu.  m.)  per  day,  and  of  such  quality  as  hygiene 
demands,  and,  generally,  to  satisfy  the  requirements  made  in  recent 
years  upon  a  iiublic  water  supply  of  large  cities,  is  a  matter  fraught 
with  many  difficulties,  the  more  so  when  it  is  required  that  all  the  water 
delivered  to  consumers,  whether  used  for  drinking  or  other  household 

*  Experiments  with  an  injection  of  a  small  quantity  of  chalk  produced  approximately 

the  same  result ;  but  the  water  in  that  case  was  made  to  have  a  disagreeable  taste. 
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purposes,  or  for  tlie  watering  of  streets  and  gardens,  is  to  be  of 
unexceptionable  purity.  Such  requirements  are  more  easily  complied 
with  in  the  case  of  small  cities;  but  are,  even  then,  difficult  of 
attainment. 

The  opinion  is  often  exjsressed  that  cities  should  avoid  no  expense 
to  supply  themselves  with  water  from  mountain  springs.  In  dis- 
cussing the  water  supply  of  Hamburg,  assumed  to  have  been  the 
vehicle  of  the  cholera  epidemic  of  the  year  1892,  it  was  suggested  that 
the  city  should  get  a  supply  from  the  Harz  Mountains,  and,  previous 
to  this,  it  had  been  suggested  to  supply  the  city  of  Berlin  from  the 
same  source.  The  author  has  attempted,  during  the  course  of  many 
years,  to  find  enough  spring  water  to  supply  the  smaller  cities  situated 
along  the  foot-hills  of  the  Harz  Mountains,  but  has  failed  almost  com- 
l^letely,  and  it  is  now  in  contemplation  to  supply  these  cities  by  means 
of  artificial  storage  reservoirs. 

Examinations  have  shown  that  the  Harz  Mountains  contain  but 
very  little  spring  or  well  water,  so  that  any  plan  to  supply  larger  cities 
from  such  a  source  must  be  based  upon  total  ignorance  of  the  circum- 
stances of  the  case.  There  are  no  extensive  drift  valleys  reaching  out 
into  the  plain  below  and  constituting  the  real  collectors  or  i-eservoirs 
of  ground  water,  which,  flowing  off  the  mountain  ridge,  enters  these 
drift  deposits  and  pursues  its  way  to  the  valleys  and  plains  by  under- 
ground courses.  The  decomposed  granite  and  slate  of  the  mountain 
ridge  have  made  the  drift  foot-hills  stanch  and  almost  impervious 
to  water,  so  that  the  water,  not  being  able  to  sink  into  the  ground,  runs 
off  on  the  surface.  The  foot-hills  which  consist,  for  the  greater  part, 
of  chalk  debris,  and  which  dip  upwards  to  the  mountain  range,  yield 
a  water  so  hard  that  it  is  not  fit  for  purposes  of  a  domestic  water 
supply.  Similar  conditions  obtain  in  the  Thuringer  Forest,  although 
we  find  here  a  greater  amount  of  drift  valleys  and  of  deposits  of  this 
material  in  the  river  valleys,  which  have  their  rise  in  this  mountain 
range. 

More  copious  spring-water  formations  may  be  found  in  the  Riesen- 
gebirge,  in  the  Eiff'el,  in  the  Carpathian  Mountains  and  especially 
in  the  Alps.  Without  exception,  we  there  find,  adjoining  the 
mountain  range,  great  valleys  of  drift  formation,  which  may  be 
followed  down  into  the  plain,  and  in  which  the  water,  falling  on  the 
mountain  range,  is  mixed  with  the  rain  water  penetrating  the  soil  of 
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tlie  valleys  and  flows  as  an  independent  spring-water  stream  until 
these  gravel  and  drift  formations  reach  the  bottom  of  the  sea.  The 
volume  of  these  subterranean  streams  may  be  seen  from  various  phe- 
nomena. For  example,  in  the  North  Sea,  in  the  vicinity  of  the  islands 
surrounding  Holland,  there  are  springs  which  may  be  recognized  in 
the  water  of  the  ocean,  2  or  3  miles  from  the  shore,  and  from 
which  fresh  water  may  be  drawn  apparently  from  out  of  the  ocean. 
Similar  springs  may  be  found  in  the  Adriatic  Sea,  near  Fiume,  Abazzia, 
Triest,  and  in  other  places  where  the  rain  water  penetrates  into  the 
ground  in  the  Karst  Mountains,  appearing  again  in  the  sea,  so  that  at 
these  places  the  surface  of  the  sea  is  slightly  raised  up,  and  a  whirl- 
pool may  be  observed. 

As  a  surface  stream  is  formed  by  an  immense  number  of  smaller 
independent  contributary  streams,  and  thus  gradually  becomes  a 
mighty  river,  in  like  manner  subterranean  water-courses  are  formed 
from  similar  subterranean  streams.  These,  gathered  together  in 
adjoining  pervious  sand  and  gravel  beds,  form  larger  streams,  which 
flow  along  impervious  inclined  layers,  situated  beneath  those  which 
carry  the  spring  water. 

In  the  jilains  there  are  often  found  a  series  of  strata  saturated  with 
water,  which  are  separated  by  other  great  strata  of  clay,  on  jsenetra- 
ting  one  of  which  the  water,  which  is  under  pressure  in  the  gravel 
beneath,  will  rise  to  the  surface  and  form  a  spring. 

In  certain  valleys  the  ground  water,  flowing  along  beneath  the  sur- 
face, rises  to  such  a  height  that  it  threatens  to  convert  the  surface  of 
the  ground  into  a  swamp,  which  can  only  be  prevented  by  afi'ording 
a  channel  in  the  shape  of  deep  ditches  for  the  flowing  off  of  the  spring 
water.  Such  artificial  springs  often  yield  a  very  large  quantity  of 
water,  and  indicate  localities  where  still  greater  amounts  may  possibly 
be  gathered. 

But  subterranean  streams  are  fed,  not  only  from  the  mountain 
ridges,  but  at  all  points  where  the  soil  is  pervious  between  them  and 
the  surface.  Rain  falling  upon  such  a  surface  penetrates  the  ground 
in  a  vertical  direction,  so  long  as  it  does  not  meet  with  impervious 
strata,  and  adds  to  the  flow  of  the  subterranean  streams.  The  rain 
water  thus  penetrating  the  ground  takes  up  carbonic  acid  from 
vegetation  and  from  the  surface  loam  and  dissolves  with  its  aid 
a  portion  of  the  minerals  found  on  its  way.     The   more  such  sub- 
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stances  taken  up  by  tlie  water,  the  less  useful  it  is  for  a  domestic  water 
supply.  If  lime  be  the  impurity,  hardness  results;  if  salts  of  iron,  the 
water  when  exposed  to  the  oxygen  of  the  air,  at  a  later  stage,  will 
show  the  phenomena  previously  described  in  this  paper;  or  if  the 
water  be  vitiated  by  local  deleterious  matter,  it  will  have  become  unfit 
for  purposes  of  a  domestic  supply. 

To  find  such  subterranean  contiguous  strata  saturated  with  sjaring 
water,  and  to  open  them  up  at  proper  places,  at  the  same  time  seeking 
to  know  the  direction  of  their  flow,  their  extent  and  their  velocity, 
constitutes  the  basis  of  a  successful  spring-water  supply.  Failure  has 
often  resulted  from  lack  of  sufficient  preliminary  examination,  which 
has  then  been  the  occasion  for  opponents  of  this  system  to  represent 
such  water  sujiplies  as  of  dubious  value.  In  giving  examples  of  such 
works  the  author  desires  to  say  that  he  distinguishes  between  cases 
where  water  supply  works  have  been  wrongly  j^lanned  and  those  other 
cases  where  the  works  were  at  first  sufficient  for  the  then  requirements 
and  had  to  be  extended  on  account  of  the  increase  of  water  consumi^- 
tion.  In  the  latter  case,  it  has  often  been  maintained  that  spring- 
water  supplies  can  be  successful  only  for  a  certain  length  of  time,  and 
that  a  diminution  of  their  yield  can  only  be  jDrevented  by  continually 
extending  the  works. 

It  has,  to  be  sure,  happened  that  certain  works  have  yielded  less 
water,  after  being  ia  use  for  some  time,  than  had  originally  been 
assumed.  They  had  to  be  extended  until  the  demand  upon  them  had 
been  brought  into  balance  with  the  natural  yield  of  spring  water.  The 
yield  depends,  of  course,  upon  the  amount  of  rainfall,  so  that  con- 
siderable fluctuation  in  the  elevation  of  the  ground  water  may  occur, 
which  in  certain  cases  had  not  been  guarded  against.  Nevertheless, 
proper  preliminary  examinations  will  determine  with  great  certainty 
what  amounts  of  water  may  be  drawn  from  wells,  even  after  periods 
of  the  greatest  drought,  and  forethought  must  be  taken  in  such 
examinations  as  to  the  direction  in  which  further  extensions  may,  when 
necessary,  be  made.  It  must  also  be  remembered  that  the  engineer 
has  not  always  at  his  command  a  sufficient  appropriation  to  build  works 
of  sufficient  capacity  to  last  for  all  time,  and  that  he  can  do  no  more 
than  to  provide,  to  begin  with,  as  to  the  manner  of  making  extensions. 

One  of  the  first  spring- water  water  works  in  Germany  was  that  of 
the  city  of  Leipzig.     An  attempt  was  made  in  that  case  to  get  the 
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water  for  a  domestic  water  supply  from  two  wells  of  large  diameter, 
which  were  situated  in  the  valley  of  the  Pleisse,  near  the  shore  of  the 
river.  Whether  at  the  time  it  was  intended  to  draw  from  an  inde- 
pendent supply  of  ground  water,  or  whether  a  natural  filtration  of  the 
water  of  the  river  was  planned,  was  probably  not  settled  at  the  time  ; 
but  the  water  from  these  two  wells  was  gi-ound  water,  and  contained  a 
great  deal  of  iron,  so  that  comijlaints  of  the  consumers  speedily 
followed.  Upon  this,  some  of  the  river  water  was  mixed  with 
the  well  water.  This  diminished  the  proportion  of  iron  in  the 
water.  At  a  later  day,  collecting  galleries  were  built  on  the  shore, 
also  artificial  filters,  and  through  many  years  the  water  of  the 
Leijizig  water  works  left  much  to  be  desired  with  respect  to  its 
quality  and  quantity. 

Only  a  few  years  ago  a  subterranean  stream  of  water  was  found  in 
the  vicinity  of  Grimma,  near  Naunhof ,  in  an  old,  abandoned  channel  of 
the  Mulde  which,  since  that  time,  has  supplied  Leipzig  with  an 
abundant  supply  of  water. 

The  water  works  of  the  city  of  Bernburg  were  built  in  the  year 
1876.  The  source  of  supply  consists  of  a  row  of  wells  in  the  valley  of 
the  Saale,  which  were  originally  built  to  supply  625  000  galls.  (2  500 
cu.  m.),  per  24  hours  for  a  j)opulation  of  16  000.  It  was  then  extended, 
as  the  jDopulation  had  increased  to  34  000,  on  January  1st,  1893,  to  a 
capacity  of  1  000  000  galls.  (4  000  cu.  m. )  per  24  hours.  Until  a  short 
time  ago,  these  works  yielded  an  unexceptionable  water  which  remained 
absolutely  clear  and  pure,  even  during  the  time  of  freshets  in  the 
Saale,  although  the  plain  in  which  the  Avells  were  dug  is  overflowed  at 
such  times.  The  variation  of  temperature  was  only  l'~  in  the  course 
of  the  year,  not  being  affected,  at  the  distance  the  wells  were  from 
the  river  shore,  by  the  warmer  river  Avater. 

From  the  result  of  tests  made  for  the  water  works  for  the  city  of 
Halle  the  assumption  was  justified  that  this  was  a  case  of  independent 
subterranean  ground  water;  but  this  assumption  was  disputed  when 
the  water  from  the  Bernburg  wells  similarly  with  that  of  the  Saale 
was  found  to  contain  salt  to  a  considerable  extent.  The  salt  in  the 
Saale  has  its  origin  in  the  discharge  from  the  Mansfeld  mines,  which 
is  allowed  to  flow  into  the  river,  and  it  has  increased  in  the  course  of 
time  to  such  an  extent  that  the  waters  of  the  Saale  are,  for  other  pur- 
poses, useless.     Some  1  750  000  lbs.   (82  000  kg.)   of  salt,  are  thrown 
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iuto  the  Saale  every  day,  and  in  low  water  of  the  year  1892,  the  Saale 
Avas  nearly  brine. 

Although  the  water  drawn  from  the  wells  of  the  Bernburg  works, 
as  well  as  that  drawn  from  other  wells  in  the  valley  of  the  Saale, 
contains,  by  no  means,  the  quantity  of  brine  that  may  be  found  in 
the  river  itself,  yet  it  contains  enough  to  render  it  unfit  for  drinking 
and  for  such  culinary  purposes  as  do  not  call  for  the  addition  of 
salt. 

The  city  of  Bernburg,  which  hitherto  has  taken  a  great  deal  of 
pride  in  its  water  works,  was  imt  in  an  unpleasant  position,  being  com- 
pelled to  seek  a  new  water  sujjply,  which  it  is  intended  to  bring  to  the 
city  from  a  distance  of  5  miles.  For  this  purpose  a  well  has  been  dug 
in  an  extensive  bed  of  gravel,  situated  between  Stassfurt,  Rathmanns- 
dorf.  Glisten  and  Ilberstedt.  This  gravel  is  from  30  to  40  ft.  thick 
and  rests  upon  an  impervious  stratum  of  red  clay.  The  jjlain  has  an 
area  of  about  200  sq.  miles  and  allows  a  great  mass  of  rain  water  to 
penetrate  into  it.  The  water  gathers  on  the  impervious  red  clay 
and  flows,  following  the  inclination  of  the  stratum,  towards  the 
valley  of  the  "Wipper  and  the  Bode,  Avhich  are  about  3  miles  from 
the  well. 

This  well  yielded  about  1  500  000  galls.  (6  000  cu.  m.)  in  24  hours, 
and  the  yield  was  shown  to  be  cajaable  of  still  greater  increase.  If  it 
were  argued  that  the  water  of  the  Bernburg  water  works  had  been 
mixed  with  a  portion  of  the  salt  contained  in  the  water  of  the  Saale, 
on  account  of  natural  and  only  partial  filtration  of  the  Saale  water, 
it  would  have  to  be  admitted  that  so  much  of  the  water  of  these  works 
as  does  not  come  from  an  independent  ground  water  supply  had  been 
successfully  filtered  for  16  years.  But  it  must  be  considered  that  fre- 
quent freshets  in  the  Saale  had  allowed  much  salt  water  to  penetrate 
the  surrounding  soil  through  which  the  subterranean  water  flowed; 
also,  that  salt  will  penetrate  layers  of  earth;  as,  for  example,  clay  or 
muddy  soil,  through  which  clean  water  will  not  flow  to  any  material 
extent. 

The  reason  for  the  location  in  valleys  of  water  works  depending  on 
a  supply  from  wells  is  generally  to  be  found  in  the  situation  of  gravel 
and  shingle  deposits, which,  reaching  down  from  the  mountain  ridges  to 
the  valleys  and  carrying  off  spring  water,  are  exjiosed  to  a  greater  extent, 
in  the  deep  cuts  formed  by  the  river  valleys  than  elsewhere.       The 
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greater  part  of  these  depressions  was  formed  by  movements  upon  tlie 
earth's  surface  a  long  time  before  the  existence  of  rivers  as  they  now 
are,  and  the  deposits  of  gravel  and  shingle  referred  to  are  of  much 
more  ancient  origin  than  the  rivers  themselves,  which  latter  are 
generally  excavated  in  more  recent  formations.  Especially  interesting 
examples  in  this  regard  are  the  sources  of  supply  of  the  water  works 
in  the  valley  of  the  Rhine,  of  Bonn,  Cologne,  Elberfeld,  Dusseldorf, 
Mannheim,  and  also  of  the  city  of  Dresden,  which  will  be  described 
more  in  detail. 

In  Bonn,  water  is  taken  from  wells  in  the  vicinity  of  the  Rhine, 
which  yield  considerably  harder  water  than  that  of  the  Rhine,  the 
former  being  of  exactly  the  same  constituency  as  the  spring  water 
found  at  a  considerable  distance  from  the  Rhine. 

The  chemical  analyses  made  regularly,  several  times  in  the  course 
of  a  year,  of  the  water  furnished  by  the  Cologne  water  works,  are  exceed- 
ingly instructive.  As  the  consumption  increases,  the  level  of  the  water 
in  the  well  varies  with  it,  being  more  or  less  depressed,  according  to 
the  amount  i^umped.  Chemical  analysis  shows  a  softer  water  the 
greater  the  amount  pumped.  As  the  works  were  extended  by  the  con- 
struction of  new  wells,  the  water  became  harder  until  an  increase  in 
the  amount  pumped,  upon  which  it  became  softer  again,  and  again 
steadily  became  harder  when  new  wells  were  constructed. 

This  process  may  easily  be  explained.  As  the  consumption  in- 
creased and  more  water  was  drawn  from  the  wells  than  had  originally 
been  contemplated,  the  level  of  the  water  was  lowered  more  than 
usual.  Excessive  depression  of  the  level  of  the  water  in  the  wells 
would  cause  the  water  from  the  river  to  enter  the  wells,  and,  by  ming- 
ling with  the  independent  ground  Avater  supply,  would  make  it  softer. 
The  construction  of  new  wells  would  raise  the  level  of  the  ground 
water  in  all  of  them;  the  curved  surface  of  the  water  table,  feeding  the 
wells,  would  no  longer  intersect  the  water  level  of  the  river,  and  the 
result  would  be  a  harder  well  water,  until  a  further  increase  of  con- 
sumption would  again  cause  the  river  water  to  flow  in,  and  would  again 
result  in  the  wells  yielding  softer  water.  Of  course,  each  case  must 
be  judged  by  itself,  to  determine  what  level  of  the  water  in  the  well 
will  cause  the  river  water  to  flow  into  it,  and  what  level  may  be  de- 
pended upon  to  furnish  only  spring  water,  dependent  upon  the  form 
and  extent  of  the  geological  formation. 
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Examples  of  the  yield  of  large  quantities  of  spring  water  for  many 
years  will  counteract  the  often-expressed  prejudice  that  all  such 
works  yield  nothing  but  filtered  river  water,  especially  as  the  votaries 
of  this  opinion  generally  deny  the  possibility  of  a  natural  filtration  of 
river  water.  The  direction  of  a  current  of  spring  water  into  wells 
must  primarily  be  considered,  in  order  to  get  a  clear  idea  of  how  the 
wells  are  fed.  The  water  works  of  the  city  of  Munich  furnished  an 
interesting  example  of  well-water  supply.  The  subsoil  of  the  Bavarian 
plain,  situated  to  the  north  of  the  Alps,  consists  of  a  deposit  of  debris 
of  great  depth  emanating  from  the  limestone  of  the  foot-hills.  Below 
the  foot-hills  there  are  valleys  of  this  debris  which  adjoin  the  subsoil 
of  the  plain,  consisting  of  gravel  and  shingle.  The  strata  of  the  latter 
have  between  them  an  impervious  bed  of  tertiary  blue  clay  of  consider- 
able thickness,  the  surface  of  which  is  corrugated  and  crossed  with 
valleys. 

Rain  water  falling  on  the  mountains,  as  the  surface  is  very  porous, 
penetrates  into  this  debris  and  into  the  gravel  beds  over  the  blue  clay, 
and,  following  the  latter,  flows  through  the  subsoil  until  it  appears  on 
the  surface  at  certain  points,  or  is  forced  to  run  into  the  river,  or  into 
brooks,  some  of  which  disappear  into  the  ground  after  reaching  the 
soil  of  the  Bavarian  plain.  During  the  course  of  the  examination 
made  by  the  author  for  the  suf)ply  of  the  city  of  Munich,  during  1874 
and  1875,  many  such  disappearances  were  discovered,  as,  for  example, 
the  disappearance  of  the  Kirch  jjond  in  the  vicinity  of  Holzkirchen, 
near  Mangfall  valley,  which  is  fed  by  the  rainfall  of  the  surrounding 
foot-hills,  and  whose  outflow  at  one  time  gauged  18  750  000  galls. 
(75  000  cu.  m. )  in  24  hours,  but  which  wholly  disappears  after  flowing 
about  1  mile  in  the  brook  called  Hell's  Ditch. 

As  the  surface  of  the  impervious  layer  of  clay  is  corrugated,  as  has 
above  been  noted,  large  quantities  of  sjoring  water  enter  the  valleys 
from  the  side  hills,  where  the  clay  has  thus  been  exposed  by  the  cut- 
ting action  of  the  streams,  sufficiently  large,  in  some  cases,  to  run 
several  mills.  It  is  one  of  these  springs,  on  the  left  side  of  the  Mang- 
fall valley,  near  the  village  of  Darching,  which  supplies  the  city  of 
Munich.  The  water,  thus  found,  is  of  very  good  quality — not  being 
too  hard — for  the  domestic  supply  of  the  city. 

The  spring  water  in  the  valley  of  the  Inn  is  much  harder  than  that 
of  the  Mangfall  valley,  and  is  not  fit    for  a   domestic  water  supply 
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although  large  in  quantity.  That  of  the  valley  of  the  Traun,  near 
Scharlinz,  for  the  supply  of  the  city  of  Linz,  is  of  excellent  quality  and 
of  unusual  volume. 

Not  only  in  the  Bavarian  Alps  may  these  deposits  of  debris  and 
and  gravel  be  found,  but  the  whole  valley  of  the  Danube,  down  to  the 
Iron  Gate,  has  been  thus  filled  to  a  great  width  and  thickness,  and  the 
beds  join  similar  ones  from  the  mountains.  The  water  works  of  the 
city  of  Pressburg  furnish  at  all  times  an  unexceptionable  supply  of 
spring- water  from  the  deep  well  which  is  situated  on  an  island  in  the 
Danube,  up  stream  from  the  city.  By  lowering  the  level  of  this  well 
about  4  ft.,  the  well  was  caused  to  yield  about  2  500  000  galls.  (10  000 
cu.  m.)  in  24  hours.  Experiments  made  by  the  author  in  1890  on  the 
left  bank  of  the  Danube,  above  Buda-Pesth,  demonstrated  an  unlimited 
yield  of  well  water  of  the  best  quality  to  be  had  from  the  gravel  of  the 
Danube  valley.  The  yield  of  each  of  three  experimental  wells,  by 
lowering  the  water  level  about  10  ft.,  was  from  3  000  000  to  3  500  000 
galls.  (12  000  to  14  000  cu.  m. )  in  24  hours,  at  which  yield  the  water  table 
gently  rose  from  the  level  of  the  water  in  the  well  to  the  banks  of  the 
river,  and  it  was  concluded  that  a  supply  of  50  000  000  galls.  (200  000 
cu.  m.)  in  24  hours  could  be  drawn  from  the  property  of  the  city. 
The  construction  of  new  water  works  from  this  source  of  supply  has 
since  been  determined  upon.  One  of  these  wells,  situated  about  1^ 
miles  from  the  river  and  yielding  about  3  500  000  galls.  (14  000  cu. 
m.)  per  24  hours,  furnished  water  of  an  especially  good  quality,  ac- 
cording to  chemical  and  bacteriological  analysis.  Mixing  with  it  some 
water  containing  iron  taken  from  the  left  bank  of  the  valley,  after 
standing  for  some  time  it  became  slightly  cloudy;  this  Avas  caused  by 
the  effect  of  the  oxygen  of  the  atmosphere  and  the  low  form  of  oxida- 
tion of  the  iron  contained  in  the  water.  The  attempt  to  mix  this  water 
before  it  had  been  exposed  any  length  of  time  to  the  air,  in  equal  parts 
with  water  taken  from  one  of  the  other  wells,  resulted  in  no  trace  of 
cloudiness,  because  the  iron  salts  were  no  longer  jjresent  in  sufficient 
quantity  to  be  afifected  by  the  oxygen  of  the  air. 

Similar  results,  as  regards  the  subterranean  flow  of  water,  were 
found  during  the  construction  of  the  water  works  in  Mahrisch-Schon- 
berg,  in  the  valley  of  the  Theiss,  and  at  Olmutz,  in  the  valley  of  the 
March;  but,  in  the  latter  case,  the  river-bed  was  found  to  consist,  for 
a  depth  of  from  26  to  33  ft. ,  down  to  the  underlying  blue  clay,  of  fine 
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silted  sand,  in  which  very  little  water  of  a  pure  quality  could  be  found. 
It  was  necessary  to  go  about  1^  miles  from  the  river,  to  find  the  water- 
bearing gravel  bed,  lying  above  a  layer  of  blue  clay,  some  40  odd  ft. 
below  the  surface.  This  gravel,  originally  coming  from  the  Glatz 
Mountains,  contained  water  of  a  most  excellent  quality,  and  of  such 
volume  that,  in-constructing  the  foundations  for  the  pump-house,  some 
6  000  000  gfdls.  were  pumped  from  the  ini  every  24  hours  in  the 
effort  to  lower  the  ground-water  level  about  7  ft. 

Large  volumes  of  ground-water  are  found  in  the  great  masses  of 
gravel  filling  the  subterranean  valley  of  the  Euhr,  and  a  number  of 
water  works,  as,  for  example,  those  of  the  cities  of  Dortmund,  Muhl- 
heim,  Oberhausen,  Barmen,  etc.,  and  the  very  extensive  water  works 
of  Krupp's  Steel  Works,  have  been  using  this  water  for  many  years. 
It  differs  materially,  both  in  quality  and  clearness,  from  the  water  of 
the  Ruhr  itself. 

The  water  works  of  the  city  of  Cothen  are  7|  miles  from  the  nearest 
water- courses — the  Mulde  and  the  Saale.  During  the  preliminary 
works  conducted  by  the  author  in  the  year  1887,  beds  of  water-bearang 
gravel,  26  to  33  ft.  thick,  were  found  in  the  vicinity,  lying  above  a 
stratum  of  blue  clay  and  under  a  thick  upper  covering  of  clay.  The 
examinations  showed  that  the  surface  of  the  blue  clay  had  in  it 
several  deep  grooves  which  apparently  converged  toward  the  Peter 
Mountains.  These  grooves  contain  the  water-bearing  gravel  beds,  and 
a  well  dug  in  one  of  them  yielded  1  500  000  galls,  in  24  hours  of  the 
purest  and  most  serviceable  water  for  domestic  supply.  When  yield- 
ing this  amount,  the  capacity  of  the  well  was  not  reached,  as  a  depth 
of  about  20  ft.  of  water  still  remained  in  it. 

Attempts  to  get  well  water  in  the  valley  of  the  Theiss  and  Maross, 
and  throughout  the  valley  of  the  Oder,  have  failed.  In  these  valleys, 
nothing  but  fine  silty  sand  and  clay  were  met  with,  and,  besides,  the 
little  water  found  in  the  upper  Oder  valley,  in  Austrian  Silesia,  was 
strongly  impregnated  with  iron. 

Further  examples  of  successful  wells  may  be  found  in  the  water 
works  built  by  the  author  in  the  years  1875  and  1876  for  the  city  of 
Crefeld.  The  occasion  for  building  these  works  was  found,  not  only 
in  the  limited  supply  of  the  wells  of  the  city,  but  also  in  the  poor 
quality  of  the  water,  which  had  been  vitiated  by  the  infiltration  of 
sewage  from  adjoining  buildings.     The  supply  was  sought  in  a  region 
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of  country  not  yet  affected  by  sewage.  In  doing  this,  it  was  necessary 
to  determine  the  direction  in  which  the  subterranean  water-courses 
were  flowing,  so  that  the  new  source  of  suj^ply  could  be  placed  up 
stream  from  the  city  as  regards  these  underground  currents. 

The  tract  of  land  contemplated  was  situated  some  6  miles  from  the 
Ehine,  and  proved  to  consist  of  a  bed  of  water-bearing  gravel  about  36 
ft.  thick  under  a  top  layer  of  clay,  from  3  to  6  ft.  thick;  under  the 
gravel,  a  stratum  of  clay  some  6  ft.  thick  and  then  another  bed  of 
gravel  which  was  explored  to  a  depth  of  90  ft.  Borings  were  not  con- 
tinued at  the  time;  but  later  borings  in  the  vicinity  of  the  works 
showed  blue  clay  at  a  depth  of  116  ft.,  rising  towards  the  Rhine,  and 
appearing  in  its  bed  in  some  places.  This  stratum  of  clay  forms  a 
deep  channel  in  which  flow  underground  streams  of  water  of  great 
volume.  In  the  preliminary  examinations,  samples  of  water  were 
taken,  both  from  the  upper  and  lower  beds  of  gravel  above  referred 
to.  Chemical  analysis  showed  a  small  percentage  of  iron  in  the 
water  of  the  lower  gravel  bed;  but,  nevertheless,  the  water  of  both 
gravel  beds  was  declared  to  be  of  a  good  and  wholesome  quality. 

The  works  constructed  on  the  basis  of  this  opinion,  and  on  the 
quantitative  experiments,  yielded  a  very  fine  water.  They  were  built 
of  a  capacity  of  2  000  000  galls,  per  day,  with  the  expectation  of  in- 
creasing this  quantity  in  the  future  by  deep  wells  to  be  bored  into  the 
debris  lying  under  the  bed  of  gravel. 

After  10  years'  service,  the  city  of  Crefeld  having  grown  very 
largely,  and  the  consumption  having  increased  to  1  500  000  galls,  in  24 
hours,  these  deep  wells  were  put  down.  It  appeared,  however,  that 
the  water  lost  materially  in  quality,  on  account  of  the  iron  contained 
in  the  water  taken  from  the  deep  wells,  and  these  were  accordingly 
again  closed.  In  the  meantime,  on  account  of  the  sewerage  works  of 
the  city  of  Crefeld,  and  especially  on  account  of  the  deep  sewage 
channel  leading  to  the  Rhine,  which  had  given  the  ground  water  of 
the  vicinity  ready  means  for  flowing  off,  and  had  lowered  the  water- 
table  in  the  vicinity  of  the  city  by  about  4  ft.,  the  upper  gravel  bed 
no  longer  yielded  so  much  as  1  500  000  galls.  i)er  24  hours. 

Inasmuch  as  it  was  expected  that  the  consumption  of  water  would 
soon  demand  a  larger  capacity,  renewed  experimental  borings  were 
undertaken  in  the  dii-ection  of  Gladbach,  which  resulted  in  the  discov- 
ery at  this  place  of  a  bed  of   gravel  116  ft.  thick,  without  any  inter- 
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vening  clay.  A  well  sunk  to  a  depth  of  116  ft.,  and  taking  water  only 
at  this  depth,  yielded  water  of  good  quality,  but  it  contained  the  same 
quantity  of  iron  as  did  the  water  of  the  deep  wells  of  the  existing 
water  works.  Continued  experiments  led  to  the  result  that  at  this 
place  water  free  from  iron  could  be  found  at  a  depth  of  from  60  to  66 
ft. ,  and  this  result  was  confirmed  by  putting  down  two  wells  to  a 
depth  of  60  ft.  on  the  same  piece  of  property,  which  have  yielded  for 
years  an  unexceptionable  quality  of  water  in  abundant  quantity,  so 
that  these  works  supplied,  in  the  year  1892,  up  to  3  750  000  galls,  per 
24  hours.  In  the  meantime  the  author  built  a  second  water-works 
plant  in  Crefeld,  of  a  capacity  of  7  500  000  galls.,  and  the  last  two  years 
have  shown  that  from  the  nine  wells  of  these  works  water  of  sufficient 
quantity  and  of  i^roper  quality  can  be  drawn  at  all  times. 

Artesian  wells  in  Silesia,  at  Breslau,  Oppeln,  Laband,  Peiskret- 
scham,  Gleiwitz,  etc. ,  have  been  bored  with  considerable  success.  The 
author  had  charge,  for  example,  in  the  year  1875,  under  orders  of  the 
Koyal  German  Government,  of  the  borings  of  artesian  wells  near 
Zawada,  in  Upper  Silesia,  in  which  sandstone  was  struck  at  a  depth 
of  about  500  ft. ,  under  a  thick  bed  of  chalk,  and  which  yielded,  by 
means  of  pumping,  water  of  very  good  quality  up  to  about  4  500  000 
galls,  in  24  hours.  The  project  of  supplying  water  from  these  wells  to 
the  Upper  Silesian  manufactories  not  having  received  further  atten- 
tion, the  drought  of  the  year  1892  forced  a  consideration  of  such  a 
supi^ly.  Gaugings  taken  in  1892  showed  a  yield  of  about  3  000  000 
galls,  in  24  hours.  But  it  is  to  be  assumed  that  during  the  course  of 
17  years  the  lower  portions  of  the  pipe  have  gradually  silted  up,  and 
that  a  redrilling  and  cleaning  of  the  bore  hole  will  restore  the  former 
yield.  It  was  formerly  projected  to  drill  a  well  of  still  larger 
diameter,  in  which  the  level  of  the  water  could  be  lowered  by  pump- 
ing, and  thus  cause  a  still  greater  yield.  From  experiments  made  by 
drawing  the  water  down,  and  noting  the  yield  at  different  depressions 
of  the  water  in  the  well,  it  was  at  the  time  determined  that  by 
lowering  the  water-table  20  ft.  this  well  would  have  a  yield  of  8  250  000 
galls,  per  24  hours. 

The  water  works  of  the  city  of  Dresden  were  designed  and  built  in 
the  years  from  1873  to  1875,  of  a  capacity  of  7  500  000  galls.  (30  000 
cu.  m. )  per  24  hours.  In  the  meantime  they  have  not  only  yielded  the 
desired  quantity  and  quality  of  water,  but  have  gone  beyond  it.     The 
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maximum    daily    consumption    during  the  last  11  years  lias  been  as 
follows  : 

Year.  Month  and  Daj-.  Million  Gallonp.  Cubic  Meters. 

1882 July   20tli  6  669  000  26  676 

1883 "        5tli  7  342  000  29  368 

1884 "      17th  7  047  000  28  188 

1885 "      27th  7  848  000  31392 

1886 May  22d  7  730  000  30  920 

1887 July   30th  8  708  000  34  832 

1888 June  25th  8  836  000  35  344 

1889 "        8th  9  230  000  36  920 

1890 May    24th  8  762  000  35  048 

1891 Aug.  29th  8  506  000  34  024 

1892 "       20th  10  561  000  42  244 

The  analysis  of  a  sample  of  water  taken  from  the  distribution  pipes, 
made  by  the  Government  Chemical  Laboratory,  on  August  12th,  1891, 
being  at  a  time  of  maximum  consumption,  gave  the  following  result 
in  1  liter  of  water  (1  000  gr.)  : 

Grams.  Substances. 

0.1569 Solids  held  in  solution  in  which  were  contained  : 

0. 0020 Organic  substances. 

0.0113 Chlorine. 

0.0096 Nitric  acid. 

0.0422 Chalk. 

0.0124 Magnesia. 

0.0000 No  trace  of  the  nitrous. 

0. 0000 No  trace  of  ammonia. 

5.96 German  degrees  of  hardness. 

Professor  Dr.  Neelsen  reports  as  follows  upon  the  bacteriological 
examination  of  the  water,  made  in  the  year  1892. 

"In  accordance  with  a  request  made  on  September  15th  of  the 
present  year,  the  undersigned,  in  conjunction  with  City  District 
Physician  Dr.  Niedner,  and  Government  Engineer  Krumhaar,  took 
samples  of  water  at  the  places  named  below,  on  October  8th,  in  the 
afternoon,  between  3  and  6  o'clock.  The  samples  were  gathered  in 
sterilized  glass  jars,  and  the  bacteriological  examinations  were  com- 
menced the  same  evening  by  pouring  some  of  the  samples  upon  gela- 
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tine  plates.  Of  each  sample,  three  plates  were  prepared  with  i  cu. 
cm.  of  water  each.  The  number  of  developed  germs  on  these  plates 
wa3  determined  after  36  to  60  hours,  and,  from  the  average  number 
found,  the  round  number  of  germs  in  each  sample  per  cubic  centimeter 
was  determined.  At  the  same  time,  the  number  of  species  of  bacteria 
on  each  plate  was  determined  by  inspection,  as  far  as  possible.  (An 
accurate  count  would  have  taken  a  good  deal  of  time,  and  would  have 
been  of  no  material  advantage. )  Finallv,  the  several  species  were  prop- 
agated on  gelatine,  in  order  to  determine  their  identity  with  known 
forms  of  bacteria. 

"  The  result  was  as  follows,  for  the  several  samples  taken: 

"I. — Water  of  the  City  Distribution  Pipes. 

"  (1)  "Water  taken  from  the  well  at  the  pump  house  contained  from  70 
to  80  healthy  germs  per  cubic  centimeter.  In  determining  the  species, 
it  was  shown  that  apjiroximately  half  of  all  the  colonies  that  had  been 
developed  were  formed  by  Micrococcus  aquatilis  (a  circumstance  which 
was  repeated  with  all  the  water  samples,  and,  therefore,  need  not  be 
mentioned  again  each  time).  About  one-third  of  all  the  colonies  were 
composed  of  two  organisms,  in  about  equal  number,  viz.,  3Iicrococciis 
flavus  desidans  and  the  Bacillus  fluorescens  simplex.  Theremainer,  about 
one-sixth,  was  chiefly  composed  of  colonies  similar  to  a  species  of  yeast, 
which  slowly  dissolved  the  gelatine,  and  of  the  Bacillus  fluorescens 
liquefaciens,  as  well  as  of  a  few  colonies  of  the  Bacillus  subtilis. 

"  (2)  The  Fischhauser  Revier  basin  contained  80  to  90  germs  to  the 
cubic  centimeter,  and  of  the  same  sort  as  the  well,  and  also  in  approxi- 
mately the  same  proportion  as  to  numbers.  The  increase  in  the  num- 
ber of  germs  may  be  explained  by  the  circumstance  that  in  this  case 
about  the  same  amount  of  the  Bacillus  liquefaciens  simplex  was  found, 
in  addition  to  the  above-named  Bacillus  fluorescens  liquefaciens.  No 
specimens  of  Bacillus  subtilis  were  found  in  this  sample. 

"  (3)  The  same  favorable  condition  as  regards  the  absolute  number 
of  germs,  as  well  as  regards  the  species  found  in  the  case  of  the  two 
above  examinations,  was  maintained  in  the  bacteriological  examination 
of  the  further  five  samples  taken  from  the  whole  distribution  system. 

"Although  the  number  of  germs  was  somewhat  larger  than  in  the 
well  and  in  the  collecting  basin,  there  was  only  a  slight  increase.  In 
the  kitchen  faucet  of  the  dwelling  house  of  No.  33  Wincklemann  Street, 
there  were  about  100  per  cubic  centimeter ;  aiJi^roximately,  the  same 
number  in  the  stand-jjipe  at  the  Bohemian  Railway  Station  ;  in  the 
kitchen  faucet  of  the  dwellings  No.  72  Bautzner  Street,  second  story, 
and  No.  20  Blochmann  Street,  third  floor,  100  to  120  ;  there  were  from 
120  to  150  in  the  faucet  of  the  microscopic  laboratory  of  the  City 
Hospital.  The  number  of  species  present  remained  almost  the  same. 
In  three  samples  (Wincklemann  Street,  Bautzner  Street  and  the  City 
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Hospital)  single  colonies  of  Bacillus  aquatilis  sulvatus,  and  of  Bacillus 
liquidus  were  found,  besides  the  species  already  named,  and  these  were 
probably  not  found  in  the  well  and  in  the  basin  by  accident,  because 
they  are  usually  met  with  in  all  water.  Detached  colonies  of  Micro- 
coccus candicous,  of  yellow  sarvine,  and  of  little  brown  cocci,  could 
be  discerned,  though  probably  they  came  from  the  air. 

"  The  increase  in  the  number  of  bacteria  in  the  water  taken  from  the 
distribution  pipes  does  not  indicate  a  growth  of  the  germs  in  the  pijie. 
The  growth  of  the  germs  takes  place  on  the  damp  walls  of  the  faucets, 
on  which  the  bacteria  find  favorable  conditions  of  development  when  in 
contact  with  the  air.  This  is  shown  by  the  disproportionate  increase 
of  the  species  which  thrive  upon  exj^osure  to  the  air ;  that  is  to  say,  of 
the  Bacillus  lique/aciens  and  the  Bacillus  Jiuorescens  liquefaciens.  Colo- 
nies of  this  kind  are  found  in  greater  numbers,  and,  in  this  way, 
contribute  to  the  increase  of  the  total  number  of  germs  found,  the 
number  of  other  germs  showing  no  increase. 

"The  effect  of  the  orifice  of  efflux,  especially  when  its  interior  surface 
had  not  been  cleaned  for  a  long  time,  was  clearly  shown  in  the  case  of 
the  stand-pipe  of  the  Bohemian  Railway  dejjot.  At  the  preliminary 
examination  on  September  20th,  it  was  found  that  a  number  of  germs 
at  this  stand-pipe  were  twice  as  great  as  m  the  kitchen  faucet  of  the 
dwelling  house  No.  1  Stall  Street,  on  the  ground  floor,  the  number  of 
germs  in  which  agreed  perfectly  with  those  found  in  the  kitchen  faucet 
of  the  other  houses.  After  cleaning  the  stand-pipe  at  the  depot  in  a 
thorough  manner,  the  sample  taken  on  October  8th  gave  the  result 
above  noted,  agreeing  with  the  number  of  germs  taken  from  the  other 
faucets. 

"  Inasmuch  as  all  the  bacteria  found  in  the  water  taken  from  the  dis- 
tribution pijjes  are  known  to  be  wholly  harmless,  and  as  the  number  of 
species  and  the  total  number  of  germs  found  is  a  very  small  one,  the 
water  may  be  declared  to  be  an  especially  good  one,  and  responding  to 
all  the  demands  of  hygiene  to  be  put  to  it  from  a  bacteriological  stand- 
point. " 

Although  the  maximum  consumption  above  given  was  used  as  a 
basis  for  the  construction  of  the  works,  it  has  been  exceeded  daily,  and 
the  demand  has  been  met  by  the  works  without  difficulty;  the  question 
had,  nevertheless,  to  be  considered  what  steps  lo  take  to  jsrepare  for 
an  extension  of  the  works,  in  view  of  the  probable  great  increase  in 
the  number  of  inhabitants  to  be  supplied  because  of  the  annexation  of 
certain  suburbs. 

At  the  time  the  works  were  constructed  the  city  of  Dresden  had 
177  500  inhabitants,  which  had  increased  by  January  1st,  1893,  to 
305 141.     In  view  of  this  increase,  the  city  government  has  undertaken, 
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in  tlie  course  of  the  last  few  years,  under  direction  of  the  builder  of 
the  works,  a  series  of  examinations,  to  determine  the  amount  the  exist- 
ing works  could  possibly  supply,  and  what  measures  should  be  taken, 
to  enable  them  to  satisfy  a  still  further  increase  of  consumption. 
These  examinations  showed  that  the  existing  source  of  supply  could  be 
depended  upon  to  supply  15  000  000  galls,  in  24  hours,  on  condition  that 
the  water  level  in  the  collecting  well,  into  which  the  horizontal  collecting 
galleries  empty,  is  lowered  deeper  than  had  originally  been  intended, 
or  had,  up  to  the  present  time,  been  necessary.  The  existing  pump- 
ing capacity  was,  however,  only  11  250  000  to  12  500  000  galls,  in  24 
hours.  This  capacity  would,  therefore,  have  had  to  be  increased  ta 
15  000  000  galls,  in  24  hours.  On  the  advice  of  the  author,  the  city 
government  did  not  adopt  this  method  of  extension,  as  he  had  shown 
that  an  inordinate  lowering  of  the  water-table,  for  the  jsurpose  of 
getting  materially  larger  quantities  of  water,  would  probably  interfere 
with  the  yield  of  the  independent  ground-water  supply ;  that  the  ex- 
tension of  the  water-table  to  a  greater  distance  would  cause  it  to 
intersect  the  surface  of  the  neighboring  river,  and  would  thus  produce 
a  head,  or  water  pressure,  which  would  cause  a  flow  of  the  water  of  the 
Elbe  into  the  subsoil  of  the  river-bed. 

In  proof  of  this,  the  author  jsresented  at  a  meeting  of  the  city 
government  a  report  of  the  examinations  that  had  been  made  up  to 
that  time,  and  added  to  it  the  result  of  observations  during  the  IS 
years  of  operation  of  the  works,  which  are  here  given  in  abstract. 
The  preliminary  examination  for  the  construction  of  the  existing  works 
commenced  with  the  examination  of  the  geological  situation,  aided 
by  the  valuable  experience  of  Professor  Dr.  Geinitz,  of  Dresden. 
Further,  by  a  series  of  borings  at  the  side  of  the  river  bank,  the  level 
of  the  water-table  in  the  valley  of  the  Elbe,  the  formation  of  the 
ground  in  the  water-bearing  upper  subterranean  layers  and  the  gen- 
eral constituency  of  the  samples  of  water  taken  from  the  different 
bore  holes,  could  be  determined.  The  several  bore  holes  put  down  on 
the  right  bank  of  the  Elbe  showed  a  steep  slope  of  the  water-table  at 
right  angles  to  the  river.  The  examination  of  the  ground- water  taken 
from  these  bore  holes  showed  it  to  be  exceedingly  jjure,  and  of  an 
appreciably  less  degree  of  hardness  than  the  water  of  the  Elbe. 

Borings  on  the  left  bank  of  the  Elbe  showed  a  less  slope  of 
the  water-table   at  right   angles   to  the  river.     The   samples   of  the 
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water  taken  from  these  borings  was  also  very  jJiire,  but  was  of 
somewhat  greater  hardness  than  the  water  of  the  Elbe.  Some 
borings  put  down  in  the  bed  of  the  Elbe  itself,  to  a  depth  of  23 
to  26  ft. ,  showed  that  the  ground-water  in  these  bore  holes  would 
rise  some  6  ins.  above  the  level  of  the  river.  Au  examination  of  the 
samples  of  the  water  taken  from  these  last-named  bore  holes  showed  a 
quality  of  water,  which,  like  the  samples  taken  on  the  right  bank, 
was  softer  than  the  Elbe  water,  and  of  the  same  constituency  as  that 
from  the  bore  holes  first  named. 

The  valley  of  the  Elbe  forms  a  wide  basin  between  Pirna  and 
Meissen.  This  basin  begins  up  stream  from  Pirna  at  the  point  where 
the  Elbe  flows  out  from  between  the  spurs  of  the  sandstone  mountains 
of  Saxonian  Switzerland.  This  valley  exj^ands  to  a  Avidth  of  several 
miles  and  is  narrowed  again  near  Meissen  by  the  granite  formations 
occurring  at  this  place.  Down  stream  from  Pirna,  the  right  and  left 
sides  of  the  valley  forming  the  boundaries  of  this  basin  are  composed 
of  granite  and  syenite.  The  granite  formation  extends  throughout  the 
valley  up  to  the  contraction  of  the  valley  near  Meissen.  Further  down 
stream  the  left  side  of  the  valley  is  formed  of  great  layers  of  chalk, 
which  extend  to  the  vicinity  of  Meissen,  changing  to  granite  only 
about  I  of  a  mile  up  stream  from  Meissen. 

The  geological  shape  of  this  valley  is  due  to  the  granite  formations 
on  each  side,  in  which  there  is  at  this  place  a  deep  fault.  Some  layers 
of  chalk,  and  of  sandstone  and  chalk,  have  remained  on  the  sides  of  the 
valley,  after  the  destruction  of  these  more  recent  formations.  The 
geological  profile  drawn  at  right  angles  to  the  valley  near  Dresden 
shows  granite  on  the  right  side  rising  from  the  valley,  which  on  the 
right  river  shore  is  generally  met  with  at  a  depth  of  about  26  ft. ,  and 
rises  towards  the  plateau  through  the  Dresden  meadow,  and  is  there 
covered  to  a  large  extent  with  great  layers  of  fine  sand.  On  the  left 
side  of  the  valley  cha,lk  is  met  with,  superimposed  ui^on  the  granite. 

Under  the  middle  of  the  valley,  at  a  depth  of  from  50  to  53  ft. 
beneath  the  surface,  a  great  bed  of  clay  is  found  on  top  of  the  granite 
and  on  top  of  the  chalk,  having  its  origin  in  the  decomposition  of  the 
chalk,  and  which  may  be  considered  as  a  lake  deposit.  Over  the  clay 
the  whole  valley  is  fi.lled  up  with  a  bed  of  diluvial  gravel  mixed  with 
sharp  clean  sandstone,  to  the  thickness  of  about  30  ft.  and  becoming 
thinner  towards  the  edge  of  the  valley,  in  which  the  gathered  ground- 
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•water  moves  in  the  direction  of  the  slope  of  the  valley.  Upon  these 
gravel  beds  we  find  thinner  beds  of  sand  and  clay,  mixed  with  many 
sharp-cornered  boulders  of  basalt,  into  which  the  river-bed  has  been 
excavated. 

The  layer  of  gravel  over  the  clay  is  mixed  in  its  lower  stratum  with 
boulders  up  to  800  lbs.  in  weight,  and  does  not  come  originally  from 
the  mountain  formation  situated  on  the  edge  of  the  Dresden  valley, 
but  is  composed  for  the  greater  part  of  basalt  and  porphyry  from  the 
Bohemian  Mountains,  and  of  granite  from  the  Riesengebirge,  which 
have  been  brought  down  by  mighty  currents  whose  course  has  broken 
into  the  valley  of  the  Elbe  through  the  sandstone  mountains  of  the 
Bohemian  and  Saxonian  Switzerland,  and  which  have  been  deposited 
in  the  valley  between  Pirna  and  Meissen.  The  gravel  and  boulders 
found  at  a  depth  of  from  20  to  50  ft.  beneath  the  surface  show  by 
their  rounded  form  what  a  great  way  they  have  traveled  befox-e  being 
deposited;  while  the  boulders  found  in  the  alluvial  soil,  in  the  clay 
and  sand,  consist  of  sandstone  or  basalt  which  have  been  deposited  at 
a  later  period  by  the  high  water  of  the  Elbe,  and  therefore  present 
sharp,  square  corners. 

It  may,  therefore,  be  assumed,  as  has  also  been  proved  by  further 
examination  in  the  upper  part  of  the  valley,  that  the  whole  valley  con- 
sists of  a  channel  filled  with  deep  water-bearing  layers  of  gravel ;  and 
that  a  connection  may  be  assumed  between  these  subterranean  layers, 
and  the  layers  of  gravel  found  in  the  side  valleys,  so  that  the  ground- 
water flowing  on  the  pervious  strata  in  these  side  valleys  ^vill  flow  from 
all  parts  into  the  Elbe  valley,  and  will  unite  with  the  ground-water 
flowing  ofi"  in  this  channel. 

This  flow  of  ground-water  was  discovered,  not  only  during  the  jjre- 
liminary  examinations  made  in  behalf  of  the  water  works  of  Dresden, 
but  the  same  formation  was  shown  to  exist,  by  borings  and  wells  con- 
structed throughout  this  valley,  at  Eadebeul,  Ober  and  Nieder  Loos- 
nitz,  as  well  as  at  the  down-stream  limit  of  this  valley  at  Sornewitz  and 
Cologne  on  the  Elbe.  At  the  last-named  place,  wells  were  constructed 
which  are  situated  several  miles  from  the  Elbe,  and  which  yield,  by 
lowering  the  level  of  the  water  about  6  ft.,  from  750  000  to  1  000  000 
galls,  of  excellent  water  in  24  hours. 

The  same  phenomena  may  be  found  in  the  great  valley  of  the  Elbe 
which  is  situated  above  the  entrance  of  the  Elbe  into  Bohemian  and 
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Saxonian  Switzerland,  at  Leitmeritz,  and  at  the  junction  of  the  Eger 
with  the  Elbe.  The  Elbe  and  the  Eger  flow  through  this  valley;  but 
the  Elbe  has  been  crowded  by  the  inclination  of  the  surface  of  the 
ground  to  the  extreme  right  edge  of  the  valley  near  Leitmeritz,  where 
the  hillsides  consist  of  chalk  formations  with  some  veins  of  basalt 
and  porphyry.  For  this  reason  the  subterranean  layers  next  the  sides 
of  the  valley  yield  a  hard  water  unfit  for  use.  The  chalk  formations 
dip  towards  the  valley  of  the  Elbe,  and  the  inflow  from  them  into  the 
Elbe,  may  be  plainly  seen  during  times  of  low  water.  Water  found  by 
means  of  borings  on  islands  in  the  river  at  this  point  shows  the  same 
quality.  It  is  necessary  to  go  to  the  left  shore  of  the  Elbe  and  some- 
what back  of  it,  to  get  ground-water  from  the  great  beds  of  gravel 
of  the  diluvial  formation  flowing  down  stream  and  not  yet  deteriorated 
by  admixture  of  hard  water.  Similar  formations  have  been  found  in 
the  upper  valley  of  the  Elbe,  above  the  junction  of  the  Moldau,  near 
Alt-Bunzlau  and  Brandis. 

In  the  lower  strata  of  the  Elbe  valley  at  this  point,  great  masses  of 
debris  from  the  Riesengebirge  are  found  which  may  be  recognized 
by  their  round,  polished,  red  granite  and  porphyry  boulders.  An  ex- 
amination has  also  shown  a  strong  underground  flow  of  soft  and  very 
clear  water  from  the  sandstone  of  the  Iser  Mountains. 

It  is  a  remarkable  phenomenon  to  find  in  almost  the  whole  valley 
that  the  ground-water,  when  not  changed  by  local  lateral  springs  on 
the  edges  of  the  valley,  is  softer  than  the  water  of  the  Elbe  itself.  An 
explanation  of  this  circumstance  may  be  found  in  the  fact  that  the 
most  copious  springs  come  to  the  valley  from  deep-lying  and  thick 
strata  of  granite,  porphyry  and  sandstone;  while  the  harder  water, 
coming  from  higher  and  flatter  lying  strata  of  chalk  flows  into  the  river 
itself. 

The  sandstone  formation  in  Bohemian  and  Saxonian  Switzerland 
yields  a  harder  water  than  the  granite  and  porphyry  formations,  on 
account  of  the  chalk  contained  in  the  limestone,  because  the  valleys  in 
it  are  cut  through  the  upper  sandstone  and  deep  into  the  chalk  beneath. 
In  these  deep  cuts,  debris  of  an  alluvial  origin  has  been  deposited,  in 
which  the  ground  water  coming  down  from  Bohemia  flows,  and  which 
may  be  found  by  deep  borings  in  the  Elbe  itself,  while  the  channel  of 
the  river  has  been  excavated  in  the  sand  and  clay  layers  above  it. 

After  the  junction  of  the  Moldau  with  the  Elbe,  the  latter  receives 
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many  large  inflows  of  hard  water  from  the  chalk  formations  on  the 
right  bank  as  far  as  Leitmeritz.  The  contrary  case  has  been  observed 
in  the  valley  of  the  Moldaii,  which,  coming  from  a  granite  formation, 
has  a  very  soft  water.  A  short  distance  up  stream  from  Prague,  it 
enters  a  slate  formation,  and  at  this  i^oiut  the  bed  is  composed  of  a 
layer  of  mixed  granite  and  slate  debris.  An  attempt  to  gather  river 
water  by  natural  filtration  from  wells  and  collecting  galleries  built 
parallel  to  the  banks  of  the  river  failed,  because  the  water  drawn  was 
ground- water  flowing  parallel  to  the  banks  of  the  river  in  the  slate 
formation. 

This  hard  water  of  the  valley  of  the  Moldau  does  not  reach  the  sub- 
terranean layers  of  the  valley  of  the  Elbe  because  it  is  dammed  up  by 
layers  of  slate  ;  but  it  reaches  the  Elbe  itself  by  being  forced  to  flow 
up  into  the  bed  of  the  Moldau  and  becoming  a  part  of  this  stream.  For 
this  reason,  also,  the  water  of  the  Moldau,  at  its  junction  with  the 
Elbe,  is  materially  harder  than  it  is  near  Prague. 

The  direction  of  the  flow  of  the  ground-water  in  the  valley  of  the 
Elbe,  between  Pirna  and  Meissen,  follows  in  general  the  direction  of 
the  slope  of  the  valley  ;  but  its  velocity  is  not  uniform.  The  velocity 
of  such  streams  may  be  assumed  to  be  greater  the  more  pervious  the 
strata  are  in  which  they  flow. 

The  flow  takes  place  in  the  direction  of  greatest  fall  in  the  strata, 
and  any  increase  in  the  amount  of  inflow,  or  greater  compactness  of 
the  strata  through  which  the  flow  jiasses,  will  elevate  the  water-table 
of  the  locality  where  such  changes  occur.  An  accurate  examination 
of  the  strata  must  therefore  precede  any  conclusions  to  be  drawn  as 
to  the  cause  of  a  material  elevation  of  the  water-table  adjoining  lateral 
valleys.  Had  a  conclusion  been  drawn  from  the  35  bore  holes  put 
down  during  the  preliminary  works  for  the  second  water-plant,  and 
from  the  water-table  found  by  means  of  these  bore  holes,  as  to  what 
the  general  direction  of  the  flow  of  the  ground-water  was,  it  would 
have  led  to  the  erroneous  assumption  that  this  portion  of  the  flow  was 
almost  at  right  angles  to  the  river. 

The  main  current  of  ground-water  in  that  portion  of  the  Elbe 
valley  down  stream  from  Pirna  is  in  a  tolerably  straight  line,  parallel 
to  the  valley  of  the  Elbe.  It  takes  up  considerable  tributaries  from 
the  granite  mountains  and  from  the  Gottleuba  valley  near  Pirna.  This 
runs  upon  the  right  bank  of  the  Elbe  near  Pillnitz  and  leaves  it  near 
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tjbigau,  crossing  under  tlie  river  Elbe.  It  flows  along  tlie  granite 
slopes  of  Ober  and  Nieder  Lossnitz,  then,  turning  sharijly  towards  the 
Elbe,  enters  its  narrow  valley  near  Sornewitz,  where  it  is  narrowed  iu 
between  the  granite  Spar  Mountains  and  the  granite  on  the  left  shore 
of  the  Elbe,  near  Meissen.  To  the  north,  the  valley  and  the  stream  of 
ground-water  are  cut  off  by  the  foot-hills  near  Bohnitzsch  and  Gro- 
bern,  which  are  pierced  by  the  tunnel  of  the  Dresden  and  Leipzig  Rail- 
way, near  Niederau.  In  the  valley  between  these  foot-hills  and  the 
Spar  Mountains  a  protrusion  of  granite  makes  a  dam,  which  stojjs  the 
flow  of  the  ground-water  and  forces  it  towards  the  Elbe,  near  Sorne- 
witz. A  short  distance  above  this  turn  the  i^reliminary  works  for  the 
supply  of  the  village  of  Cologne  disclosed  a  water-bearing  bed  of 
gravel  60  ft.  thick,  in  v/hich  the  ground-water  stood  4  ft.  higher  than 
in  the  river,  less  than  ^  mile  distant. 

The  foregoing  is  a  full  explanation  of  the  geological  and  ground- 
water situation  of  the  valley  of  the  Elbe,  all  of  which  was  necessary  to 
a  full  understanding  of  the  underlying  principles  of  this  kind  of  water 
supply,  as  illustrated  by  the  supply  of  the  city  of  Dresden.  In  addition 
it  was  known  that  many  sandbanks  are  found  in  the  bed  of  the  Elbe, 
which  are  moved  about  during  freshets.  The  occasion  of  such  banks 
is  often  the  entering  of  ground-water  springs  which  loosen  the  sand  in 
the  channels  of  rivers,  so  that  the  current  may  readily  move  it.  Such 
points  are  easily  recognized  by  the  experienced  eye,  and  may  be  proven 
by  measurements  of  temjjerature,  especially  when  there  is  in  winter 
either  a  thin  sheet  of  ice  or  no  ice  at  all  next  to  them. 

It  was  natural  to  plan,  therefore,  to  take  only  so  much  ground- 
water from  the  well  as  was  contributed  directly  to  it,  and  without 
allowing  the  water  of  the  river  to  flow  in.  The  extent  of  the  sjirings 
coming  from  the  hills  down  the  right  slope  of  the  valley  was  best 
shown  in  constructing  the  foundations  of  the  lower  pump-house.  At 
a  depth  of  excavation  of  about  6  ft.  below  the  water  level  of  the  river, 
these  springs  yielded,  by  means  of  several  steam  jjumps,  about  3  000- 
000  galls,  of  water  in  24  hours,  the  water  fi'om  the  side  of  the  river 
flowing  in  at  the  same  time  in  very  small  quantities. 

To  gather  these  side  springs,  a  collecting  gallery,  about  570  ft. 
long,  was  constructed  between  the  right  side  of  the  valley  and  the 
river.  It  was  placed  at  a  level,  so  as  to  cause  the  water  to  come  up 
through   the  most    pervious    strata    of   the  subsoil,  lying  above  the 
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granite  ledge.  It  was  also  planned  that  the  level  of  the  Avater  in  the 
wells,  in  which  the  collecting  gallery  empties,  was  to  be  lowered  only 
so  deep  that  the  water-table  extending  from  the  well  toward  the  river 
Rhine  should  not  intersect  the  river  beloAV  its  water  level.  Even  if 
this  were  exceeded,  and  if  the  water-table  would  intersect  the  water 
level  of  the  river,  the  river  water  would  flow  into  the  underground 
strata  only  upon  causing  a  i)ressure  sufficient  to  overcome  the  imper- 
viousness  of  the  fine  sand  and  silt  on  the  sides  of  the  bed  of  the  river, 
and  lying  between  it  and  the  coarse .  gravel  in  Avhich  the  collecting 
galleries  are  built. 

As  the  water  level  of  the  river  falls,  this  situation  becomes  more 
favorable.  The  underground  springs  whose  water-table  is  fixed  by 
the  level  of  the  river,  flow  at  a  velocity  due  to  the  increased  head  into 
the  gravel  beds  of  the  valley  ;  the  flow  of  spring  water  upwards  into 
the  Elbe  through  its  bed  is  also  greater,  and  the  possibility  of  inter- 
cepting independent  ground-Avater  is  corresjaondingly  greater  and 
more  likely  than  an  infiltration  of  river  water.  Circumstances  are 
difi"erent  when  the  river  level  rises  rapidly.  The  water-table  cannot 
rise  with  equal  quickness,  but  is,  after  a  few  days,  dammed  up  by  the 
freshet  level  of  the  river.  During  this  damming  up,  and  until  its  con- 
clusion, the  water  of  the  river  will  penetrate  the  subterranean  layers 
of  the  shores,  so  long  as  the  same  are  not  saturated  with  spring  water, 
or  in  so  far  as  it  is  not  kept  out  by  imi^ervious  layers  of  soil.  This 
wave  of  dammed-up  water,  in  case  of  a  small  increase  of  the  river  level, 
is  often  at  a  higher  level  than  that  of  the  river,  and  the  river  water 
cannot  penetrate  very  deeply  into  the  soil. 

When  the  collecting  galleries  are  heavily  drawn  upon,  the  surface 
of  the  water-table  is,  of  course,  lower  than  the  level  of  the  water  in 
the  river,  and  greater  heads  obtain  which  might  force  the  river  water 
to  penetrate  the  subterranean  layers  of  the  river  channel.  It  appears, 
however,  that  during  continued  high  water  the  indications  from  which 
a  i^enetration  of  filtered  Elbe  water  into  the  ground-water  could  be 
inferred  obtain  only  during  the  first  few  days  ;  and  even  during  long 
periods  of  high  water  (in  1876,  120  days)  these  indications  disaj^peared 
completely  after  three  or  four  days,  and  the  normal  conditions  again 
obtained.  For  a  long  time  it  was  supposed  that  the  fine  opalescence, 
Avhich  appears  during  the  first  fcAV  days  of  a  quick-rising  high  water, 
was  due  to  the  same  ;  but  these  indications  appear  so  seldom,  and  for 
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so  short  a  space  of  time,  that  they  were  deemed  of  no  importance. 
Closer  examinations,  instituted  within  the  last  five  years,  have  shown 
this  slight  opalescence  to  be  caused  by  an  infiltration  of  Elbe  water 
entering  through  detached  jjorous  places  of  the  masonry  lining  of  the 
well,  and  the  effect  disappeared  as  soon  cs  the  ground- water  rose  in 
due  proportion  to  the  high-water  level.  This  opalescence  has  disap- 
l^eared  almost  entirely  since  the  masonry  of  the  wall  was  uncovered  in 
the  year  1891  and  carefully  cemented,  and  it  is  to  be  expected  that 
upon  the  comj^letion  of  the  work,  which  can  only  be  done  during 
the  summer,  and  at  very  low  stages  of  the  river,  it  will  disappear 
entirely. 

On  account  of  the  short  distance  of  the  steep  hills  from  the  shore 
of  the  Elbe  on  the  right  bank  of  the  river,  collecting  galleries  could 
not  be  placed  a  sufficient  distance  from  the  river  to  bring  them  outside 
the  region  of  overflow  by  high  water,  and  considerations  of  river  con- 
servancies did  not  jiermit  water-tight  well  masonry  to  be  placed  above 
the  high  water-line,  or  to  raise  up  the  site  of  the  collecting  gallery, 
which  is  under  water  whenever  the  river  is  5  ft.  above  zero  of  the 
Dresden  river  gauge. 

The  water  of  the  Elbe  and  the  Moldau  carries,  in  times  of  rising 
water,  a  great  quantity  of  seepage  from  layers  of  turf  in  the  upper 
regions  of  the  river,  which  give  it  a  yellowish  brown  color,  due  to  the 
iron  and  to  the  acid  in  the  turf,  which  filtration  fails  to  remove. 
Hence,  in  the  first  few  days  after  the  beginning  of  a  quick  rise  of  the 
river,  the  water  distributed  in  Dresden  will  show  a  slight  yellowish 
discoloration,  which  disapiiears  as  soon  as  the  ground-water  harj  been 
dammed  up.  This  shows  that  during  this  short  time  filtered  river 
water  has  penetrated  into  the  subsoil  and  into  the  ground-water. 

Chemical  analyses,  regularly  instituted  during  times  of  high  water, 
has  shown  that  the  good  quality  and  clearness  of  the  Dresden  water 
does  not  suffer  during  continued  high  water  of  the  river.  The  con- 
tinued analyses  also  by  the  Government  Chemical  Central  Laboratory, 
which  has  admittedly  undertaken  the  Avork  of  jiroving  by  its  labors 
that  the  water  delivered  by  the  Dresden  water  works  is  mei'ely 
filtered  Elbe  water,  have  shown,  and  the  Laboratory  has  been  obliged  to 
confess,  that  this  proof  cannot  be  furnished.  The  fact  that  the  water 
of  the  Dresden  water  works  is  subject  to  considerable  fluctuations 
of  temperature  has  given  rise  frequently  to  the  assumption  on  the 
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part  of  those  not  acquainted  witli  the  facts  of  the  case,  that  for  this 
reason  the  water  may  be  taken  to  be  merely  filtered  Elbe  water, 
rio^ures  giving  the  maximum  and  minimum  temperature  are,  how- 
ever, frequently  given  undue  weight,  because  great  fluctuations  of 
temperature  are  due  to  the  special  inflow  of  high  water,  and  disappear 
quickly  with  the  high  water  that  caused  it.  If  the  collecting  galleries 
were  far  enough  distant  from  the  bed  of  the  river,  and  beyond  the 
reach  of  inundation,  only  a  very  small  variation  of  temperature  would 
be  noticeable.  But,  even  during  the  first  few  days  of  the  quickly 
rising  water  from  the  river,  during  which  time  the  effect  of  the  Elbe 
water  must  be  admitted,  the  temperature  of  the  water  in  the  pipes  does 
not  approximate  to  that  of  the  river,  which  Avould  have  to  be  the  case 
when  drawing  from  7  500  000  to  10  000  000  galls,  per  day  for  months 
at  a  time,  if  the  ground-water  did  not  exert  an  influence  of  its  own 
upon  this  temperature. 

In  January,  1893,  the  water  of  the  distribution  pipes  had  a  tempera- 
ture of  47^  Fahr.  (8.2  Cent.)  at  a  time  when  the  adjoining  portion  of  the 
river  was  covered  with  ice,  and  its  bed,  also,  was  in  part  covered  with 
ice.  The  cause  of  the  variation  of  the  water  in  the  pipes  is  to  be 
found  itt  the  great  efi'ect  of  the  neighboring  river  as  a  big  reservoir  of 
heat  upon  the  water  following  the  subsoil,  and  numerous  investiga- 
tions have  shown  that  such  variations  of  temperature  occur,  also,  in 
the  water  of  wells  which  are  near  the  river,  but  the  water  level  of  which 
is  higher  than  the  water  level  of  the  river. 

After  consideration  of  all  the  circumstances,  the  builder  of  these 
water  works  advised  that,  having  due  regard  to  the  preservation  of  the 
superior  clearness  of  the  water  derived  from  them  up  to  date,  the 
amount  pumped  should  not  exceed  7  500  000  to  10  000  000  galls,  in  24 
hours,  and  that  the  construction  of  the  works,  as  originally  built,  did 
not  have  for  its  object  the  lowering  of  the  ground-water  level  to  extreme 
limits.  To  enlarge  the  water  works  in  the  most  rational  manner, 
recourse  should  be  had  to  finding  a  site  on  the  left  shore  of  the 
river,  in  which  ground-water  of  good  quality  and  in  sufficient  quantity 
could  be  found  for  a  second  water-works  plant.  By  placing  another 
pumping  station  on  the  left  bank  of  the  Elbe,  the  distribution  of 
water,  and  the  assurance  of  a  proper  capacity  of  the  whole  system, 
would  be  obtained  in  a  very  advantageous  manner. 

The  principal  portion  of  the  city,  the  old  city,  has  been  supplied 
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hitherto  from  works  through  two  pipes  of  24  and  18  ins.  diameter 
respectively,  laid  on  the  Augustus  Bridge,  and  throiigh  two  12-iru 
pipes  laid  on  the  Albert  Bridge.  The  jjressure  supplying  the  watei 
from  the  high-service  reservoir  is  that  due  to  the  consumption  which 
was  assumed  when  the  disti'ibution  system  was  built.  No  complaints 
about  lack  of  pressure  have  yet  been  made,  even  in  the  parts  most 
distant  from  the  high-service  reservoir,  in  the  south-western  wards  of 
the  city,  and  even  when  the  consumption  has  reached  10  000  000  galls. 
in  24  hours.  But  circumstances  would  be  entirely  different  if  the 
present  pumping  station  should  be  enlarged,  because  the  distribution 
pipes  would  then  not  be  able  to  convey  a  larger  quantity  of  water, 
or  would  not  be  able  to  deliver  it  to  the  consumers  under  a  jaroper 
l^ressure.  In  that  case,  si^ecial  mains  would  have  to  be  laid  from 
the  high-service  reservoir  over  the  bridge  and  down  into  the  heart 
of  the  old  city,  in  order  that  the  proper  distribution  of  the  larger 
amount  of  water  could  take  jjlace. 

By  building  a  new  jiumping  station,  the  greater  part  of  the  city  of 
Dresden,  the  old  city,  situated  on  the  left  bank  of  the  Elbe,  will  be- 
come independent  of  the  j^resent  water-works  plant  and  of  the  mains 
crossing  the  bridges,  and  there  Avill  be  a  great  deal  more  pressure  in 
the  rapidly  growing  old  city  than  could  possibly  have  been  obtained 
by  an  extension  of  the  existing  water  works. 

The  site  for  placing  the  new  pumping  station  was  chosen  for  various 
reasons,  somewhat  further  up  stream,  between  the  suburb  of  Blasewitz 
and  the  town  of  Tolkewitz,  on  the  Tolkewitz  meadows,  rather  than 
directly  opposite  the  present  water  works.  This  was  done  partly,  to 
get  beyond  the  reach  of  the  rajiidly  growing  town  of  Blasewitz  and  to 
go  up  stream  from  the  newly  located  cemeteries,  and  jaai'tly  on  account 
of  the  quality  of  the  water  found  in  bore  holes  on  the  left  bank  of  the 
Elbe.  As  has  already  been  mentioned,  the  borings  directly  opposite 
the  present  water  works  yielded  a  ground-water  which  was  a  few 
degrees  harder  than  the  water  of  the  Elbe.  This  greater  hardness, 
due  to  the  influx  of  the  water  of  lateral  springs  from  the  chalk 
foi'mations  of  the  left  side  of  the  valley,  diminishes  as  one  goes 
up  stream.  A  well  dug  for  the  Court  Brewery  in  Cotta,  on  the 
immediate  banks  of  the  Elbe,  yielded  a  materially  harder  watev 
than  that  of  the  river  itself,  when  about  40  000  galls,  in  24  hours 
were  pumj)ed  from  it. 
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The  amount  of  hardness  of  the  water  on  the  left  side  of  the  river 
may  be  seen  by  the  following  figures: 

Water  from —  Degrees  of  Hardness. 

The  existing  water  works 7.5 

The  Elbe 12.0  to  13.0 

The  bore  holes  in  Blasewitz,  on  the  left   bank   of 

the  Elbe,  opposite  the  present  water  works. . .  14.0 

The  well  of  the  Court  Brewery  in  Cotta 22.0 

The  well  in   the  "Old  Market,"  in   the  old  city, 

Dresden 35.0  to  36.0 

The  well  on  Vienna  Street 40.0  to  41.0 

The  well  on  Berg  Street 56.0 

The  well  of  the  new  water  works 10.0 

The  well  in  Tolkewitz 10.0 

The  well  in   Blasewitz,  according  to  the  depth  of 

the  well 10.0  to  12.0  to  16.0 

An  extended  series  of  examinations  of  this  sort  demonstrated  that 
the  hard  ground- water  flowing  from  the  left  side  towards  the  middle 
valley  of  the  Elbe  and  towards  the  river,  did  not  flow  in  a  direction 
at  right  angles  with  the  center  of  the  valley,  but  went  under  the  old 
city  of  Dresden,  and  reached  the  channel  of  the  Elbe,  down  stream 
from  the  same. 

The  fact  that  the  hardness  of  the  well  water  in  Blasewitz  is  different 
in  difierent  wells  is  explained  by  these  wells  having  different  depths. 
The  subsoil  in  Blasewitz  consists  of  a  stratum  of  sand  some  26  ft. 
thick  at  the  surface,  then  one  of  clay  6  to  10  ft.  thick,  and,  under 
this,  the  water-bearing  gravel  of  the  Elbe  valley. 

The  wells  dug  in  the  principal  layer  of  sand,  and  ending  above  the 
layer  of  clay,  have  a  harder  water,  while  the  wells  reaching  into  the 
gravel  beneath  the  layer  of  clay  yield  a  softer  water.  From  these 
examinations,  it  was  shown  that  the  proi^osed  site  of  the  second  water- 
works will  furnish  partly  the  water  of  the  underground  strata  of  the 
Elbe  valley,  and  partly  the  lateral  tributaries,  coming  in  from  the 
chalk,  and  in  an  easterly  direction  from  the  granite  and  syenite  forma- 
tions on  the  left  side  of  the  valley.  Upon  this,  35  borings  were  put 
down,  which  showed  a  very  uniform  formation  of  the  subsoil,  from 
which  the  inference  was  drawn  that  the  same  formation  extends  over 
a  still  greater  portion  of  the  left  Elbe  valley. 
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The  surface  of  the  jjroposed  site,  situated  on  an  average  of  from  13 
to  16  ft.  above  the  zero  of  the  river  gauge  at  Dresden,  consi&ts  of 
meadoAV  and  farm  lands,  in  which  is  found  a  clayey  sand  about  13  ft. 
thick  and  so  impervious  that  the  ground-water  from  beneath  rises 
some  10  ft.  high  in  the  bore  holes  after  these  layers  have  been  pene- 
trated. Under  these  impervious  layers  is  found  sand,  which,  at  a 
greater  depth,  is  mixed  with  gravel  and  boulders,  until  an  impervious 
layer  of  blue  clay  is  reached,  at  a  depth  of  50  to  53  ft. 

Chemical  analyses  was  made  of  the  water  derived  from  the  bore 
holes;  and  these  showing  a  suflSiciently  favorable  result,  the  putting 
down  of  a  trial  well  was  begun.  This  well  was  lined  with  cast-iron 
slotted  cylinders,  16  ft.  in  diameter,  double  dipped  in  asphalt.  The 
lowest  cylinder  had  a  thick  cutting  edge,  and  was  followed  by  three  of 
the  slotted  cylinders,  each  3  ft.  4  ins.  high.  Uj^on  the  topmost  was 
placed  a  flat  ring,  and  on  this  the  masonry  lining  of  the  well  was  built 
up  to  the  surface  in  a  water-tight  manner. 

This  well  was  put  down  to  a  dej^th  of  43  ft.  beneath  the  surface  of 
the  ground,  by  means  of  dredging  under  the  cutting  edge.  After  its 
completion  water  was  pumjaed  from  it  to  the  amount  of  about  1  250  000 
galls.  (5  000  cu.  m.)  daily  for  several  weeks,  day  and  night,  during 
which  time  the  well  yielded,  on  demand,  by  means  of  an  increased 
lowering  of  the  water  level,  up  to  2  000  000  galls,  in  24  hours.  The 
level  of  the  water-table  was  determined  during  the  regular  pumping 
of  1  250  000  galls,  in  24  hours  by  means  of  measurements  in  bore  holes 
put  down  in  lines,  each  parallel  to  the  other,  and  at  right  angles  to 
the  river.  In  determining  upon  a  proper  depression  of  the  level  of 
the  water  in  the  well,  the  rule  was  observed  not  to  allow  the  water- 
table  to  intersect  the  level  of  the  water  of  the  river  itself. 

During  these  examinations,  it  was  shown  that  the  subsoil  was  very 
solidly  packed,  and  the  water-table,  when  the  water  in  the  well  was 
lowered  from  20  to  23  ft.,  and  only  drawing  1  250  000  to  1  500  000  galls, 
in  24  hours,  would  slope  sharply  toward  the  well,  and  would  gradually 
curve  over,  so  as  to  join  the  original  water-table  at  a  distance  of  260  to 
300  ft.  from  the  well. 

An  examination  of  the  quality  of  the  water  taken  from  the  bore 
holes  and  from  the  trial  well  was  made  in  two  laboratories,  in  the 
Government  Chemical  Central  Laboratory  at  Dresden,  and  in  the 
chemical  laboratory  of  Dr.  E.  Kayser,  of  Dresden. 
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The  table  on  page  34  will  sliow  the  result  of  such  chemical  analyses. 

According  to  these  analyses,  the  ground-water  thus  discovered  is 
of  exceptional  purity,  due  to  the  very  small  quantity  of  organic  sub- 
stances contained  and  the  absence  of  every  trace  of  nitrous  acid  and 
of  ammonia.  The  amounts  of  all  the  other  substances  contained  are 
less  than  the  limits  which  have  been  fixed  for  the  determination  of  a 
supply  of  jiure  and  wholesome  water,  and  it  may  be  assumed,  as  indi- 
cated by  a  comparison  of  the  analyses  of  the  samples  taken  on  Novem- 
ber 7th  and  12th,  that  these  quantities  will  be  still  further  reduced 
by  continued  pumj^ing,  and  by  covering  over  the  well,  because 
they  are  derived  j^artly  from  the  lining  of  the  well,  and  partly  from 
the  unavoidable  accident  of  substances  getting  into  the  well  from 
above. 

The  maximum  amount  of  ground-water  could  be  drawn  on  the  site 
selected,  by  the  construction  of  a  collecting  gallery,  similar  to  the  one 
put  down  at  the  present  water  works,  at  a  depth  of  16  to  20  ft.  But 
it  costs  a  disproportionately  great  sum  to  build  such  a  gallery  at  a 
depth  of  40  to  43  ft. ,  as  would  have  to  be  done  on  this  site.  The  plans, 
therefore,  are  to  put  down  a  row  of  deep  wells,  somewhat  after  the 
manner  in  which  the  trial  well  was  put  down,  to  string  them  along 
the  site  in  question,  and  connect  them  with  the  new  pumping  station. 
This  station  will  be  placed  on  the  site  between  the  Blasewitz-Tolke- 
witz  and  the  Dresden-Tolkewitz  Street,  and  above  the  high  water-line 
of  1845.  It  is  for  the  present  to  consist  of  two  steam  pumps,  each  of 
5  000  000  galls,  capacity  in  24  hours,  provision  being  made  for  j^lacing 
two  other  steam  pumps  of  this  capacity.  A  force  main  of  28  ins.  diame- 
ter (interior)  will  be  laid  through  the  eastern  part  of  the  old  city  to 
the  reservoir  to  be  constructed  on  Riicknitzer  Hill,  holding  about 
3  000  000  galls.  It  is  intended  to  lay  a  second  force  main  of  the  same 
diameter  and  build  another  reservoir  of  the  same  capacity  at  a  later 
day.  The  distribution  system  of  a  i3ortion  of  the  old  city  will  be 
connected  with  these  force  mains. 

The  high- water  level  of  the  new  reservoir  is  nearly  the  same  as  the 
high-water  level  of  the  reservoir  at  Fish-House,  on  the  right  bank  of 
the  Elbe,  which  has  a  capacity  of  5  000  000  galls. 

Water  is  to  be  pumped  directly  into  the  old  city  from  the  new 
water  works  through  the  force  mains,  and  to  connect  with  the  old  city 
distribution  pipes. 
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The  new  pumping  station  is  designed  for  a  maximum  consumption 
of  15  000  000  galls,  in  24  hours,  so  that  the  two  water  works  of  the  city 
of  Dresden  will  have  a  joint  capacity  of  27  500  000  galls,  in  24  hours. 

The  experience  of  the  year  1892  has  shown  that  great  caution 
should  be  exercised  in  determining  upon  the  actual  amount  of  con- 
sumption. The  long-continued  drought  of  that  year  caused  an  ex- 
cessively large  use  of  water,  and  but  few  water  works  were  in  a  posi- 
tion to  meet  the  same.  It  was  found  that  the  maximum  consumption 
in  that  year  in  Dresden,  was  over  40  galls,  per  day  pev  head,  and  the 
water-works  had  to  restrict  the  amount  siiijplied  to  the  public  fount- 
ains, so  as  to  provide  for  the  event  that  the  consumption  would  in- 
crease still  further. 

Inasmuch  as  the  time  of  maximum  consumption  coincides  very  nearly 
with  the  period  of  the  lowest  yield  of  ground-water,  it  is  necessary, 
in  designing  works  of  this  kind,  to  compare  the  maximum  consumption 
with  the  minimum  yield,  instead  of  with  average  quantities,  as  is  often 
done.  The  copious  yield  of  some  water  works,  at  times  of  the  year 
when  there  is  only  a  small  consumi^tion,  has  no  value,  because  it  is 
impracticable  to  store  water  to  the  extent  of  utilizing  it  during  the 
warm  months  of  the  year,  as  has  been  shown  by  experience. 

In  the  case  of  many  water  works,  statistics  have  shown  that  the 
maximum  consumption  per  head  of  the  inhabitants  supplied  by  the 
works,  has  been,  on  many  days,  considerably  greater  than  the  above- 
named  measure  of  40  galls,  per  day,  and  it  will  be  necessary  in  com- 
puting the  available  quantity  to  provide  for  larger  figures. 

The  above-cited  examples  are  sufficient,  without  mentioning  the 
great  number  of  smaller  works  for  smaller  cities,  to  show  to  what  ex- 
tent the  use  of  ground-water  has  established  itself  in  the  last  25  years, 
and  it  may  only  be  mentioned  in  conclusion  that  the  author  has  been 
called,  in  conjunction  with  Mr.  O.  Smreker,  Civil  Engineer,  of  Mann- 
heim, to  make  plans  for  furnishing  the  city  of  Vienna  with  ground- 
water, in  addition  to  its  high  spring  aqueduct. 

These  works  are  to  be  of  a  capacity  of  50  000  galls,  per  day,  and  are 
to  be  designed  so  that  they  may  be  increased  to  a  capacity  of  100  000- 
000  galls.  Mr.  von  Wessely,  of  Prague,  principal  of  the  firm  of  Corte 
&  Co.,  contractors,  of  Prague,  has  been  charged  with  the  conduct  of 
the  preliminary  borings. 
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SOME    QUESTIONS    CONCERNING    THE     FILTRA- 
TION   OF    WATER. 


By  W.  KiJMMEL,*  C.  E.,  Engineer  of  Gas  and  Water  Works  Company 
at  Altona,  Germany. 

Prepared   for  tlie    International    Eng-ineerin?    Congress  of  the 
Coliinibiau  Exposition,  1893. 


The  Imijerial  Board  of  Health  in  Berlin  was  led  by  the  violent 
epidemic  of  cholera  in  Hamburg  to  compile,  some  months  ago,  the 
principles  derived  from  the  experience  of  water  works  with  sand  filtra- 
tion, in  order  to  avoid  infection  when  cholera  is  prevalent. 

These  principles,  translated  in  somewhat  abridged  form,  run 
thus  : 

First. — Care  should  be  taken  that  the  rivers,  ponds,  etc.,  from 
which  the  water  is  derived  be.  safely  protected  against  pollution  by 
human  dejections  ;  no  vessel,  barge,  etc.,  should  be  allowed  to  anchor 
near  the  intake  of  the  water  works. 

Second. — Sand  filters  do  not  deliver  the  water  totally  free  from 
microbes  ;  they  restrain  only  a  certain  number  of  them,  including  the 


Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 

♦  Died  at  Chicago,  July  19th.  1893 


KtJMMEL  ON  FILTKATION  OF  WATEK.  331 

microbes  of  the  cholera  ;  therefore  the  filters  should  never  be  over- 
worked. 

Third. — The  velocity  of  filtration  ought  not  to  exceed  4  ins.  (100 
mm.)  per  hour. 

Fourth. — If  the  quantity  of  water  consumed  in  the  town  surpasses 
the  quantity  that  can  be  delivered  by  the  existing  filters  at  the  said 
velocity,  the  water  works  have  to  remedy  the  defect,  either  by  reduc- 
ing the  consumption  (introduction  of  water  meters)  or  by  building  new 
filters. 

Fifth. — The  stratum  of  the  filtering  sand  should  never  be  less  than 
12  ins.  (30  cm.)  thick. 

Sixth. — When  a  filter  has  been  cleaned,  or  filled  up  with  new  sand, 
it  is  necessary  to  waste  the  first  filtered  water,  with  its  high  number 
of  germs,  and  not  deliver  it  to  customers. 

Seventh. — The  effect  of  filtration  must  be  daily  controlled  by  bacte- 
riological tests  of  each  filter.  If  the  bacteriologist  finds  suddenly  a 
greater  number  of  germs,  or  unusual  species  of  microbes,  in  the 
filtered  water,  such  water  should  not  be  used  at  all. 

Eighth. — If  these  j^rinciples  are  carefully  followed,  the  danger  of 
the  microbes  of  cholera  passing  through  the  filtering  sand-stratum  is 
exceedingly  small,  as  has  recently  been  jiroved  by  the  Altona  water 
works  compared  with  Hamburg. 

The  author  of  this  publication  is  believed  to  be  the  celebrated 
Doctor  Robert  Koch,  at  Berlin,  the  discoverer  of  the  microbes  of 
phthisis  and  of  cholera,  who  has  for  many  years  been  making  inquiries 
into  the  effect  of  filtration,  and  these  rules  are,  therefore,  the 
result  of  a  large  experience.  The  writer  is  sure  that  the  majority  of 
his  colleagues  who  are  busy  with  filtration  will,  in  conformity  with 
their  own  experience,  accept  most  of  them  ;  but  some  will  be  in  doubt 
whether  all  the  rules  are  exactly  correct. 

The  publication  of  the  Board,  really  a  governmental  order  in  Ger- 
many, settles  the  maximum  velocity  of  filtration  not  to  exceed  100 
mm.  per  hour,  or  2.40  m.  per  diem,  equal  to  a  delivery  of  filtered 
water  per  square  meter  j)er  diem  of  2.40  cu.  m. ;  that  is,  4  ins.  per  hour 
or  8  ft.  per  diem  velocity,  and  60  U.  S.  galls.  (50  imper.  galls.)  delivery 
per  square  foot  per  diem  in  English  measures. 

As  far  as  the  writer  is  instructed  about  the  rate  of  filtration  now 
used  in  English  water  works,  he  finds  these  numbers   corresponding 
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with  those  in  use  there,  as  au  average  in  some  works,  but  as  a  maxi- 
mum in  others.  It  is  not  very  many  years  ago  that  in  England  the 
average  quantity  of  filtration  was  about  50/^  more  than  8  cu.  ft.  per 
square  foot  of  the  filtering  area  ;  and  this  quantity  has  been  delivered 
in  Germany,  too,  chiefly  by  water  works  having  a  water  with  few 
earthy  ingredients.  Why  shall  we  take  the  4-in.  velocity  as  a  standard 
for  a  safe  and  sure  filtration  ? 

Mr.  Bsrtschinger,  chemist  and  bacteriologist  of  the  corporation  of 
Zurich,  published  a  paper  in  1889  concerning  "  The  Working  of  Sand 
FUters  in  Zurich."  In  this  paper  he  states,  from  a  long  series  of  trials, 
"that  the  result  of  the  filtration  is  equal  to  velocities  of  from  2. 7  to 
13.4  m.  (or  from  9  to  44  ft.)  per  diem." 

Mr.  Piefke,  engineer  of  the  Stralau  station,  Berlin  water  works, 
writes  in  1887*  that  his  filter  delivers  the  water  nearly  sterile  at  a 
velocity  of  30  mm.  per  hour,  or  30  ins.  per  diem;  that  the  velocity  of 
60  to  80  mm.  jjer  hour,  or  4  ft.  9  ins.  to  6  ft.  4  ins.  per  diem,  would  be 
for  his  works  tolerable;  but  100  mm.  per  hour,  or  8  ft.  per  diem,  should 
be  the  maximum  for  new  works.  Notwithstanding,  it  is  stated  in 
another  paper,  issued  by  Dr.  C.  Fi-ankel  and  Mr.  Piefke,  that  on 
March  12th,  1889,  the  Stralau  water  works  filtered  with  a  velocity  of 
224  mm.  per  hour,  or  17  ft.  11 J  ins.  per  diem.  The  bad  working  of  the 
filters  has  caused  the  authors  named  to  make  a  series  of  trials  with 
pathogenic  and  non-pathogenic  microbes,  from  which  they  have  stated 
that  the  pathogenic  microbes  pass  the  filter  even  at  a  very  low  velocity 
of  filtration  ;  but — it  may  be  added — under  the  supposition  that  the 
raw,  unfiltered  water  bs  mixed  with  the  microbes  at  the  rate  of  500  to 
700  per  cubic  centimeter,  and  the  filter  be  ill-treated  as  it  was  by  the 
authors  of  these  tests.  Messrs.  Frankel  and  Piefke  conclude  from  their 
experiment  that  filters  should  not  be  worked  with  a  velocity  exceeding 
50  mm.  per  hour,  or  4  ft.  per  diem. 

Mr.  Piefke  two  years  later  repeated  the  experiments,  without 
repeating  the  mistakes  of  the  first  series.  The  result  Avas  nearly  the 
same  ;  but  he  worked  again  with  a  water  containing  a  number  of  path- 
ogenic microbes,  such  as  we  can  absolutely  not  find  in  a  j^olluted  river 
or  i)ond  used  for  water  delivery. 

The  writer  himself  has  also  made  a  great  number  of  trials  to  find 
the  best  velocity  for  the  filtration  of  our  water.     To  avoid  every  error 

*  Principien  der  Reinwasser-Gewinnung  mittelst  Filtration. 
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or  mistake  resulting  from  the  diflference  in  tlie  quality  of  the  unfiltered 
water,  he  built  three  experimental  filters,  filled  with  the  same  filtering 
materials,  all  conditions  being  exactly  the  same,  only  the  velocity  of 
filtration  being  difierent.  As  soon  as  the  three  filters  were  in  good 
condition  the  experiment  began,  the  water  running  through  the  filters 
at  a  velocity  of  50,  100  and  200  mm.  per  hour,  or  4,  8  and  16  ft.  per 
diem.  The  result  was  that  the  number  of  microbes  in  the  filtered 
water  was,  without  exception,  the  highest  in  the  water  of  50  mm. ; 
averaging,  higher  in  the  water  of  100  compared  with  that  of  200  mm. , 
but  really  there  was  no  great  difference  between  the  three.  The  number 
of  the  microbes  varies  in  the  50-mm.  water  from  11  to  97;  in  the  100-mm. 
water,  from  5  to  79;  in  the  200-mm.  water,  from  7  to  72,  per  cubic  cen- 
timeter. The  difference  is  not  sufficient  to  declare  the  one  velocity  better 
than  the  other,  and  therefore  the  writer  cannot  agree  that  the  velocity 
of  100  mm.  is,  beyond  doubt,  the  maximum  of  safe  filtration.  Not- 
withstanding, the  writer  accepts  this  standard  as  long  as  better  experi- 
ments do  not  prove  it  to  be  false,  because  he  believes  the  danger  of  a 
trespassing  pathogenic  microbe  is  much  more  trifling  at  the  lower  than 
at  the  higher  velocity  ;  and,  besides,  that  the  best  velocity  is  not 
the  same  for  all  different  qualities  of  water.  He  is  sure  that  the 
diflference  in  the  mineral,  vegetable  and  animal  admixtures  is  of  high 
importance  in  this  question,  and  that  we  should  endeavor  to  find  out 
the  best  velocity  for  each  separate  water  and  water  works. 

A  second  point  that  is  often  disputed  is  contained  in  Clause  6. 
According  to  the  present  state  of  science  and  experience,  it  is  generally 
accepted  that  the  thin  film  of  dirt  on  the  surface  of  the  sand  is 
really  the  filtering  medium,  and  that  the  filters,  filled  up  with  new 
sand  or  cleaned,  do  not  properly  work  before  a  new  film  of  dirt  has 
been  gained.  Mr.  Bei-tschinger's  experiments  show  that  the  Ziirich 
filters  do  not  do  their  full  duty  until  four  to  seven  days  after  the 
cleaning.  Mr.  Piefke's  experiments  at  Berlin  show  the  filter  fully 
restored  after  four  to  five  days'  working.  The  unfiltered  water  in 
Zurich  is  of  a  first-rate  purity  compared  with  the  water  of  the  Spree 
in  Berlin  and  of  the  Elbe  near  Altona.  The  raw  Zurich  water  con- 
tains generally  less  than  300,  in  very  rare  cases  400,  germs,  the  water 
of  the  Spree  generally  some  thousands,  very  seldom  more  than  10  000 
germs,  while  the  water  of  the  Elbe  at  the  Altona  water  works 
contains     exceedingly    seldom    less     than     10  000,    generally    more 
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than  20  000,  and  very  often  more  than  40  000,  germs  per  cubic 
centimeter.  On  the  other  hand  in  the  Elbe  water  the  amount  of 
mineral  substances  is  very  high,  the  amount  of  vegetative  matter  very 
low,  compared  with  the  Spree  water.  The  mineral  matter  subsides 
very  fast,  as  soon  as  the  water  is  brought  to  rest.  The  writer,  there- 
fore fills  up  the  cleaned  or  newly  filled  filter  in  the  usual  way  from  be- 
low with  filtered  water  to  the  top  of  the  sand,  and  afterwards  with 
unfiltered,  subsided  water  from  above,  and  then  gives  a  suflScient  time 
for  the  mineral  impurities  to  subside  on  the  surface  of  the  sand. 
Generally  six  to  eight  hours,  sometimes  10  or  12  hours  after  the  time 
the  filter  is  filled  with  water,  the  filtration  begins  and  is  quite  satis- 
factory, the  number  of  microbes  being  not,  or  very  little,  increased,  as 
compared  with  the  water  filtered  before  the  cleaning. 

Quite  a  different  case  is  that  after  the  filling  up  with  new  sand.  If 
we  proceed  just  in  the  same  way  with  the  inlet  of  water,  and  give  the 
raw  water  a  time  of  20  hours  of  quiet  rest,  the  number  of  microbes 
becomes  very  high,  as  the  following  figures  may  show  : 

Number  of  microbes. 

Before  the  filling  up 42  24 

One  day  after  filling  up 1  880  2  300 

Two  days  after  filling  up 752  1364 

Three  days  after  filling  up , 208  468 

Four  days  after  filling  up 156  244 

Five  days  after  filling  up 102  82 

Six  days  after  filling  up 84  116 

It  is  certain  that  the  working  of  the  filter,  when  filled  up  with  new 
sand,  is  for  a  certain  time  not  satisfactory  ;  thei'efore,  we  must  waste 
the  water  during  the  first  three  or  four  days  unused. 

A  third  iJoint  to  be  discussed  is  contained  in  Clause  7  ;  it  is  not 
sufficient  to  examine  the  water  as  it  is  delivered  to  customers ;  the 
water  running  from  each  filter  must  be  every  day  tested  bacteriologi- 
cally.  We  have  made  arrangements,  to  take  the  samples  from  each 
filter,  as  near  as  we  could  get.  At  first  there  were  attached  to  the  out- 
let pipes,  short  lead  ijipes  with  bib  cocks,  and  the  water  was  drawn 
from  these  cocks,  about  2  ft.  from  the  mains.  That  was  a  mistake  ; 
some  days  after  the  first  trial  the  lead  pipes  were  grown  full  with 
microbes,  and  the  samples  of  water  taken  from  the  bibs,  thoiigh  full 
care  was  taken  to  have  the  water  from  the  mains,  did  not  show  the 
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latter,  because  tlie  running  water  washed  away  many  of  the  colonies  in 
the  lead  pipes.  Now  the  arrangement  is  altered;  we  take  the  water 
directly  from  the  main  with  a  sterilized  short  pipe,  introduced  in  the 
main  through  a  properly  constructed  stop-cock. 

We  find  it  a  very  good  thing  to  examine  every  day  each  of  the 
filters,  and  we  are  sure  that  we  save  ourselves  a  great  many  mistakes 
and  much  mischief  by  this  very  simple  and  very  safe  expedient.  With- 
out this  bacteriological  examination  we  are  working  just  like  a 
mechanical  engineer  who  does  not  indicate  his  steam-engine,  thinking 
that  he  is  able  to  estimate  its  quality  from  the  revolution  of  the  fly- 
wheel. 

The  only  thing  we  have  not  to  overlook  is  that  the  number  of 
germs  found  in  a  cubic  centimeter  is  not  very  important  in  itself,  but 
only  a  means  and  way  to  find  out  the  good  working  of  a  filter.  As 
soon  as  we  find  that  the  number  increases  suddenly,  we  may  be  sure 
that  something  in  our  filter  is  out  of  order,  and  we  have  to  do  our  best 
to  search  and  rejiair  the  fault. 

A  point  of  much  greater  importance  is  the  determination  of  the 
species  of  the  microbes  ;  in  each  sample  of  a  good  filtered  water  the 
ntimber  of  species  will  not  exceed  five  or  seven,  and  these  species  will 
not  vary  very  much,  though  difi'erent  species  predominate  at  different 
seasons.  As  soon  as  we  find  that  the  water  contains  some  well-known 
species  of  microbes  of  the  liquefying  type,  we  have  to  examine  the 
colonies  in  the  discs  and  the  filters  with  the  utmost  care. 

If  we  do  so,  we  may  be  sure  that  we  are  able  to  deliver  a  good  safely 
usable  filtered  water,  even  from  a  river  not  at  all  protected  against 
pollution  through  human  dejections. 
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ON  THE  DISTRIBUTION  OF  WATER  IN  THE  CITY 
OF  MEXICO. 


By  L.  Salazae,  M.  Association  of  Engineers  and  Architects  of  Mexico. 


Translation. 


Prepared  for  the    International    Engineering    Congress  of  the 
Columbian  Exposition,  1893. 


Sources  of  Supply. — Tradition  lias  fixed  the  year  1465  as  the  epoch 
in  which  the  works  were  completed  for  bringing  to  the  city  of  Mexico 
the  water  from  the  springs  of  Chepultepec,  declaring  that  the  enter- 
prise was  fathered  by  Metzahualcoyotll,  who,  it  is  said,  did  the  level- 
ing. 

Two  springs,  called,  respectively,  Alberca  Chica  and  Alberca  Grande, 
are  certified  as  actually  belonging  to  the  municipal  dominion.  The 
water  which  they  produce  is  denominated  ''heavy,"  in  distinction  from 
the  water  of  the  Desert,  called  "  light,"  from  its  lighter  density.     The 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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"  heavy  "  water  of  Chepultepec  is  transparent,  of  a  blnisli  color,  and 
lias  an  average  temperature  of  21.5-  Cent.  Its  density  is  1.00084 
referred  to  that  of  pure  water  at  0.76  m.  above  sea  level  and  4° 
Cent.  According  to  the  learned  Mexican  chemist,  D.  Leopold  Kio 
de  la  Loza,  the  analysis  of  the  heavy  water  gave  him  the  following 
result: 

Gaseous  products: 

Air 10  390 

Oxygen 1  760 

Carbonic  acid 0  990 

Total  in  cubic  centimeters  per  liter 13  140 

Solid  products  in  grams  per  liter: 

Sulphate  of  lime 0.00652 

Carbonate  of  lime 0 .02712 

Carbonate  of  magnesia 0 .  02215 

Carbonate  of  soda 0 .  03901 

Chloride  of  soda 0.05845 

Silicate  of  soda 0.02997 

Acetate  of  potash 0 .  02158 

Silica 0.07745 

Alumina  and  iron 0 .  00686 

Organic  matter trace. 

Lost 0.00093 

Total  in  grams  per  liter 0 .  29004 

Temperature  in  the  springs,  22.5^  Cent.  ;  density,  1.00028 

The  two  Albercas  contain  great  numbers  of  small  fish,  called  by  the 
Aztecs,  "  Fentzonmichi, "  whose  existence  and  facile  development  in 
the  springs  is  one  of  the  most  important  biological  features  of  this 
potable  water. 

The  water  of  Chepultepec  was  considered  insufficient  for  the  neces- 
sities of  the  population  from  the  first  years  following  the  conquest  of 
Mexico.  It  was  on  this  account  that,  in  1576,  the  water  from  the 
springs  of  Santa  Fe  was  introduced  into  the  city,  first,  by  a  channel 
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in  masonry,  and  afterwards,  in  the  ditch  or  aqueduct  of  San  Cosme, 
which  was  completed  in  1620. 

The  works  for  carrying  this  water  were  of  considerable  importance 
on  account  of  the  broken  nature  of  the  ground,  where  they  are  de- 
velojjed.  The  conducting  channel  is  notable  for  the  epoch  in  which 
it  was  built ;  the  water-conducting  bridge,  30  m.  high  and  37  m.  long, 
which  was  finished  in  1734,  and  the  grand  arcade,  composed  of  more 
than  900  arches  of  stone  masonry  and  light  brickwork,  having  each  a 
span  of  6.70  m.,  with  55  m.  of  height  and  1.46  m.  of  thickness,  the 
canal  being  0. 63  m.  deep  and  of  equal  width.  At  the  present  time 
this  aqueduct  has  disappeared  within  the  western  limits  of  the 
city. 

The  Santa  Fe  sjjring  is  10  km.  from  the  city  of  Mexico  and  166  m. 
above  the  level  of  the  city.  The  temperature  of  the  water  in  the  spring 
is  15°  Cent. 

From  the  end  of  the  last  century,  in  1786,  there  have  been  added 
to  the  waters  of  Santa  Fe,  those  of  the  springs  of  the  Desert  and 
Los  Leones  brought  from  their  source  in  the  western  wooded  dis- 
trict of  the  valley,  about  25  km.  distant  from  the  city.  All  this 
water  is  designated  as  "  light,"  to  distinguish  it,  as  already  explained, 
from  that  of  Chepultepec,  which  has  been  called  ' '  heavy. "  The  waters 
on  leaving  the  springs  are  diaphanous,  but,  being  stirred  uj)  in  their 
passage  through  the  aqueduct,  become  turbid  and  require  filtering 
before  use,  especially  in  the  rainy  season,  since  at  some  points  the 
canal,  not  being  covered,  the  dust  in  the  atmosphere  reaches  it,  and 
also  earth  loosened  by  rains  at  the  head. 

The  springs  of  Los  Leones  have  their  origin  in  the  mountain  of 
San  Miguel.  There  are  many  little  springs  disseminated  in  all  direc- 
tions, which  are  caught  in  their  natural  channels  by  the  dam  of  Los 
Leones,  where  the  works  of  masonry  begin,  and  where  also  the  waters 
of  the  Desert  are  gathered. 

The  distinguished  Mexican  engineer,  Senor  Don  Jose  Salazar 
niaregui,  who  was  the  chief  of  the  Boundary  Commission  with  the 
United  States  of  America,  did  the  leveling  and  designed  the  plans  of 
the  work  from  the  city  to  the  dam  of  Los  Leones,  the  starting  point 
of  the  work  being  the  first  arch  of  the  aqueduct  in  the  Avenue  of  La 
Veronica,  the  plane  of  comparison  being  the  bottom  of  the  superior 
canal.     The  results  were  as  follows: 
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Distances.  Heights. 

Meters.  Meters. 

Arcli  of  La  Veronica  (Initial  Station) . . 

Aqueduct  Union 1  408  2 .09 

MillofBelem 6  980  128.35 

Springs  of  Santa  Fe 9  716  166.18 

Angostura 11  970  340.79 

Tres  Cruces 19  582  672.71 

Junction  of  the  canals 19  732  680 .80 

Head  of  the  Desert  aqueduct 24  932  859 .  49 

Head  of  Los  Leones  aqueduct 24  580  904.21 

The  springs  in  the  mountain  of  San  Miguel  are  still  higher  than 
the  last  mentioned  by  27  m. 

The  analysis  of  these  waters  by  Seiior  Leopold  Rio  de  la  Lozo, 
already  mentioned  in  treating  of  the  Chepultepec  Springs,  gave  the 
following  results,  viz. : 

Temperature  at  the  sources  being  9 ^  Cent.;  density,  1.000267. 

Gaseous  products,  in  centimeters  per  liter: 

Air 10 .  151 

Oxygen 2 .809 

Carbonic  acid 0 .  750 

Total 13 .  710 

Solid  products,  in  grams  per  liter: 

Sulphate  of  lime 0 .  00326 

Carbonate  of  lime 0.02171 

Carbonate  of  magnesia 0 .  01169 

Chloride  of  potassium 0 .  00396 

Chloride  of  magnesia 0 .  00349 

Silicate  of  soda 0.03985 

Silica 0.05169 

Alumina  and  iron 0 .  00849 

Organic  matter 0 .  00087 

Total  0. 14501 
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The  nortliern  district  of  the  city,  known  as  the  Santiago  Tlalteloleo 
Ward,  was  provided  with  water  from  the  sj^i-ings  of  Motlatica  or 
Xancopinca.  In  1618  these  waters  had  been  already  mentioned  by  a 
historian  of  the  epoch,  and  at  the  end  of  that  century  were  still  used 
in  the  supply  of  the  city,  according  to  the  Franciscan  chronicler, 
Betantourt.  Whether  it  be  that  the  pavement  of  the  zone  supplied  by 
the  water  of  Xancopinca  has  sunk,  or  that  the  spring  has  lost  (in  some 
other  way)  its  ascensional  force,  the  fact  remains  that  this  water  no 
longer  arrives  at  Tlalteloleo,  this  being  one  of  the  causes  of  the  deca- 
dence of  that  ward. 

In  1847  Dr.  Leopold  Rio  de  la  Loza  examined  said  water  and  found  it 
superior  to  the  heavy  water,  since  its  density  was  1.000201  and  it  con- 
tained only  0. 15011  of  fixed  substances  in  1  000  parts  of  the  liquid. 
The  color  of  the  water  and  its  transparency  are  similar  to  the  others 
of  which  mention  has  already  been  made.  The  temperature  in  the 
spring  is  21.50°  Cent. 

The  sjiring,  on  account  of  the  duration  of  time  in  which  it  had 
been  abandoned,  reverted  to  the  jjossession  of  jarivate  owners,  being 
claimed  by  the  abutters.  The  Municipal  Council  of  1892  succeeded  in 
re-establishing  the  rights  of  the  city  and  at  the  present  time  are  occu- 
pied in  constructing  the  works  necessary  to  restore  the  waters  to  the 
district  which  formerly  enjoyed  their  use. 

The  increase  of  jDopulation  in  the  wards  known  as  Santa  Maria 
Guerrero,  Los  Angeles,  Santiago,  Tlalteloleo  and  Santa  Anna,  and  the 
almost  absolute  want  of  water  in  the  district,  induced  the  Municipal 
Council  of  1882  to  acquire  by  lease  a  part  of  the  water  that  supplied 
the  city  of  Guadalupe  Hidalgo.  That  water  i)roceeds  from  Tlalne- 
pantla,  13  km.  distant  from  Guadelupe,  and  its  aqueduct  was  con- 
structed in  1743-51  at  a  cost  of  .^129  000,  collected  by  popular  sub- 
scidption. 

From  the  city  of  Guadalupe  to  Mexico  the  pipe  line  was  laid  in 
the  short  space  of  95  days,  and  for  the  first  time  in  our  history  the 
material  was  of  Mexican  manufacture,  giving  advantages  both  in  its 
superior  quality  and  in  its  cheaper  cost. 

The  introdiiction  of  this  water  into  the  city  of  Mexico  was  inaugu- 
rated on  April  2d,  1882,  realizing  thus  an  important  improvement 
for  one  of  our  most  populous  neighborhoods,  which  has  had  a  notable 
advance  in  population  since  that  event. 
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It  could  not  fail  that  tlie  experiment  of  artesian  wells  should  be 
tried  in  Mexico,  and  it  has  fallen  to  Messrs.  Pane  &  Molteni  to  be  the 
first  to  have  achieved  success  in  such  work,  which  has  given  them  the 
best  results.  The  persistency  and  labor  of  the  gentlemen  conquered 
all  the  difficulties  of  an  enterprise  entirely  experimental,  and  in  May, 
1857,  they  could  count  168  of  these  wells  opened,  of  which  24  were 
intended  for  irrigation,  120  belong  to  private  houses,  while  24  sunk 
by  other  contractors  produce  conjointly  690  cu.  m.,  639  liters  per 
hour. 

According  to  the  data  collected  by  the  Government  in  1883,  there 
existed  at  that  time  483  artesian  wells,  distributed  in  the  city  as  fol- 
lows : 


1st  Ward 24 

2d       "     55 

3d       "     61 

4th     "     40 


5th  Ward 40 

6th      "     39 

7th      "     47 

8th      "     177 


The  advance  made  in  the  opening  of  artesian  wells  shows  the  favor- 
able conditions  of  the  ground  for  the  perforation  of  this  class  of 
works.  The  waters  from  these  subterranean  springs  are  as  good  as  the 
potable  waters  already  described,  inasmuch  as  they  proceed  from 
springs  situated  outside  the  influence  of  the  infected  waters  near  the 
surface.  The  augur  penetrated  234  m.  in  the  well  opened  in  the  Mili- 
tary Hospital,  and  depths  of  150  m.  are  by  no  means  rare.  The  well 
sunk  in  the  Mint  in  1871  reached  a  depth  of  149. 162  m. ,  and  is  one  of  the 
best  exposures  for  the  study  of  the  geology  of  the  region.  Thirty-nine 
different  strata  are  passed  in  which  the  permeable  alternate  with  the  im- 
permeable, while  the  lacustrian  condition  of  the  deposits  remains  the 
same  as  in  the  running  streams.  In  this  well  are  three  principal  gush- 
ing springs  at  the  depth,  respectively,  of  62,  104  and  141  m.  The  strata 
containing  springs  are  in  sand  and  overlie  the  argillaceous. 

Water  from  the  well  of  Bucareli  was  analyzed  by  Dr.  Leopold  Rio 
de  la  Loza,  with  the  following  results  : 

Gaseous  products : 

Air  and  oxygen 13 .  15    [    Carbonic  acid 1 .  18 

Being  a  total  of  14.33  ca.  cm.  j)er  liter. 
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Solid  products  ingrains  per  liter ; 

Carbonate  of  lime 0 .  01130 

Carbonate  of  soda 0 .  06949 

CMoride  of  potassium .     0 .  00086 
Chloride  of  magnesia. .     0 .  00091 

Silicate  of  soda 0 .  08375 

Making  a  total  in  grams  per  liter 0 .  12462 


Silicate  of  potash 0 .  01040 

Silica 0.04515 

Alumina  and  iron 0 .  00276 

Organic  matter traces. 


The  average  temperature  of  water  in  the  wells  has  been  found  at 
15.5°  Cent. 

The  number  of  artesian  wells  actually  in  use  in  the  city  of  Mexico 
to-day  is  331,  which,  however,  do  not  contribute  all  they  ought  to  the 
general  supjjly,  since  their  product  is  applied  exclusively  to  the  use  of 
the  i^roperty  on  which  they  happen  to  be  placed,  leaving  the  surplus 
flow  to'  be  wasted. 

Quantities  of  Water. — The  works  that  have  been  published  concern- 
ing the  water  supply  of  the  city  tell  us  what  is  the  character  of  the 
spring  and  spouting  well  water,  which  has  been  given  the  population. 
Only  in  1857  Mr.  Pane  gave  the  following  figures  indicating  the  volumes 
of  water  in  the  various  sources  received  by  Mexico  in  cubic  meters  : 

Cubic 

meters.        Liters. 

Superior  aqueduct  in  La  Cosme,  light  water 586  718 

Inferior  aqueduct,  heavy  water 287  117 

Aqueduct  of  Belem,  heavy  water 363  058 

Artesian  wells 690  639 

Total  per  hour 1927  532 


In  1864  Seiior  Don  Manuel  Orozso  y  Berra  calculated  the  demand 
of  the  cajjital  for  water  at  250  liters  per  day  per  individual  in  a  popula- 
tion of  200  000.     His  figures  were  : 


Waters,  heavy  and  light 

Waters  of  the  artesian  wells. 


Total  used  in  the  city  per  hour 


Cubic 
meters. 

Liters. 

1233 

893 

866 

895 

2  100 

788 
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In  1883  the  data  collected  by  the  Government  of  the  Federal  Dis- 
trict produced  results  as  follows  : 

Light  water 11  520  cu.  m.  in  24  hours. 

Heavy  water 6  048 

Guadalupe  water 1  152       "       300  liters,  in  24  hours. 

Total  supply  in  24  hours. .  .   18  720  300     " 


The  water  produced  by  the  artesian  wells  does  not  enter  into  this 
account  because  so  much  of  it  is  lost  in  waste  and  none  of  it  is  used 
for  the  general  public. 

Considering  that  the  population  of  Mexico  was  300  000  in  1883,  this 
amount  of  water  would  give  64.4  liters  to  each  inhabitant  ;  without 
reckoning  that  the  volume  of  water  so  received  has  served,  not  only  for 
domestic  uses,  but  for  the  public  service  and  for  industries. 

At  the  present  time  the  water  supply  of  the  city  has  experienced 
notable  modifications  on  account  of  the  works  executed  for  introduc- 
ing it  under  pressure,  a  matter  to  be  hereafter  treated.  This  quantity 
is  to-day  as  follows  : 

Cubic 
meters. 
Heavy  water  from  the  two  Albercas  of  Chepultepec 25  920 

Light  water  from  the  Desert,  Los  Leones  and  Santa  Fe 10  080 

Light  water  from  Guadalupe  Hidalgo 1  440 

Gushing  waters  from  artesian  wells 7  690 

Total  supply  in  24  hours  45  130 


According  to  the  census  of  1890,  the  present  population  of  the  city 
of  Mexico  is  326  394.  The  quantity  received  as  above  noted  does  mixch 
more  duty  than  supply  this  po^julation  with  what  it  requires  for  its 
domestic  use  ;  it  is  devoted  to  the  irrigation  of  the  streets,  plazas  and 
public  gardens ;  to  extinguishing  fires,  washing  houses,  carriages  and 
stables;  also  for  animals  used  for  work  purposes,  and  in  the  industrial 
arts.  Nor  is  it  possible  to  estimate  the  quantity  devoted  to  each  kind 
of  service,  although  it  is  well  understood  that  there  is  a  positive 
deficiency  for  general  domestic  use.  This  need  has  been  emphasized 
in  the  present  year  by  the  increased  pressure  in  pipes,  which,  being 
still  a  novelty,  has  not  yet  met  the  proper  regulation  in  private  houses. 
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The  efforts  of  the  Municipal  Government  are  now  directed  to  secur- 
ing other  sources  of  supi)ly  and  perhaps  the  establishment  of  a 
double  service,  one  for  domestic  uses  exclusively,  and  one  for  the 
other  uses  above  designated,  as  is  the  custom  in  the  cities  of  Europe 
and  the  great  cities  of  the  United  States  of  America. 

Water- Courses  and  Conduits. — The  light  waters  proceeding  from  the 
Desert,  Los  Leones  and  Santa  Fe  are  conducted  to  the  fall  of  the 
Molino  del  Key  in  earthen  pipes,  following  the  topographical  contours 
of  the  ground,  except  that,  where  the  depressions  are  severe,  aqueducts 
in  masonry  have  been  constructed,  as  already  stated.  Along  the  25 
km.  of  pipe  line,  as  far  as  the  Gate  of  the  Tlaxpane,  are  the  pueblos 
of  Cuajimalpa,  Santa  Fe,  Tacubaya,  which  use  the  water,  as  also  the 
flouring  mills  of  Santa  Fe,  Valdez,  Santo  Domingo  and  El  Key,  the 
paper  mills  of  Belem,  the  pin  factories  and  the  National  Artillery 
Foundry  at  Chepultepec. 

From  the  Molino  del  Key  fall,  which  the  city  acquired  in  1891,  the 
water  continues  its  course  in  a  pipe  of  0.80  m.  diameter,  parallel  to  the 
old  aqueduct  from  the  woods  of  Chepultepec,  and  from  La  Veronica 
passing  by  Tlaxpana  to  the  crossing  of  the  front  of  the  church  of  San 
Cosme.  At  this  crossing  the  pipe  line  trifurcates  and  begins  the 
distribution  of  the  thin  water  supply  for  two-thirds  of  the  city's  area. 

The  heavy  water  produced  by  the  springs  of  Chepultepec  is  raised 
by  mechanical  means  to  elevated  reservoirs,  hereinafter  described,  and 
from  these  is  distributed  according  to  the  lines  of  the  plan,  which  run 
parallel  to  the  old  aqueduct  of  Belem.  At  the  Bucareli  crossing  begins 
the  distribution  of  water  for  the  remaining  third  i^art  of  the  municipal 
area.  The  light  water  proceeding  from  Tlalnepantla,  and  acquired  from 
the  City  Council  of  Guadalupe  Hidalgo,  comes  in  a  pipe  line  from  that 
town,  following  the  wagon  road,  which  starts  directly  from  Pehalvillo. 
As  already  described  this  water  supplies  the  district  of  the  north  of 
the  capital,  where  it  was  difficult  to  take  other  light  water  under  press- 
ure before  the  construction  of  works  lately  executed. 

The  distribution  of  water  in  the  city  of  Mexico  presented  great 
and  grave  defects  until  within  a  very  few  years.  The  i^ipes  were  of 
lead,  of  various  diameters,  recognizing  no  law,  and  were,  moreover,  de- 
teriorated, principally  by  the  water  which  leaked  from  them.  The 
Municipal  Council,  recognizing  the  necessity  of  doing  something  to 
improve  their  very  bad  condition,  and  being  without  the  funds  required 


SALAZAK  ON  WATER  SUPPLY  OF  THE  CITY  OF  MEXICO.     345 

for  tlie  undertaking,  in  1880  called  for  a  loan  of  $500  000  for  the  prose- 
cution of  this  imi^ortant  work. 

The  project,  which  had  been  in  the  hands  of  the  Council  since  1868, 
had  been  made  by  the  engineer,  Don  Casimiro  Pacheco,  and  apj^roved 
by  the  Commission  api3ointed  for  the  jjurpose,  and  also  by  the  Water 
Commissioners  of  the  Miinicipal  Cor  j)oration.  But  the  12  years  transpir- 
ing to  1880  had  created  new  requirements,  which  demanded  a  change  in 
the  solution  of  the  problem.  There  was,  moreover,  as  a  limitation  to  the 
work,  the  products  of  the  loan  already  mentioned.  Fortunately,  the 
Engineer  Director  of  Water,  Senor  Manual  Patiiio,  had  for  10  years 
employed  himself  in  gathering  data  of  a  practical  character,  which  now 
enabled  him  to  present  a  plan  commensurate  with  the  requirements  of 
the  problem. 

The  Water  Commission  of  the  Municipal  Council,  presided  over  by 
the  distinguished  engineer,  Senor  Leandro  Fernandez,  made  a  minute 
study  of  the  above-mentioned  data,  and  formed  a  project,  which  was 
approved  by  the  Council.  As  a  base  of  the  project,  it  was  estimated 
that  a  supply  could  be  counted  on  of  8  000  liters  of  light  water,  and 
5  000  of  heavy  water,  per  minute,  in  accordance  with  which  the  city 
was  divided  into  districts,  the  caliber  of  the  pipes  being  arranged  with 
reference  to  the  slight  declivities  of  the  streets  and  the  density  of  popu- 
lation in  any  district.  The  project  was  nearly  abandoned  on  account 
of  the  failure  of  success  with  the  loan  of  $500  000,  but  the  efforts  of 
General  Carlos  Pacheto,  then  Governor  of  the  Federal  District,  opened 
the  road  for  the  enterprise.  At  his  suggestion  some  of  the  municipal 
property  was  sold  and  the  proceeds  availed  of  to  contract  in  England 
for  2  500  tons  of  pipe  and  accessories  for  the  principal  branches  of  the 
distribution.  This  work  commenced  in  April,  1882,  and  continued 
without  interruption  under  a  plan  more  comprehensive  than  the  pro- 
ject of  1880,  the  annual  ajjpropriations  being  as  follows: 


1881 $89  523 

1882     185  456 

1883 179  662 

1884  56  485 

1885 11752 

1886 34  864 


1887 $12  650 

1888 20  000 

1889 136  118 

1890... 189  278 

1891 261  100 

1892 39  000 


The  total  amounting  to $1  245 
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Meanwliile  the  disbursements  were  as  follows : 


1881 $51  302 

1882 33  560 

1883 30  069 

1884 30  899 

1885 35  490 

1886 43  156 


1887 ^41486 

1888 48  706 

1889 61140 

1890 117  905 

1891 177  732 

1892 134  347 


The  total  of  these  disbursements  were  thus $805  792 


The  length  of  pipe  line  for  the  distribution  of  the  various 
classes  of  water  exceeds  100  km.,  the  diameters  of  the  varying  sizes 
being  for  the  principal  lines  80,  60,  50,  40,  30  and  25  cm.,  respectively, 
while  for  the  lesser  lines  they  are  14,  12,  10  and  8  cm. 

Also,  there  were  placed  at  all  street  crossings  the  requisite  gates, 
made  in  the  machine  shops  of  Mexico  for  facilitating  repairs,  without 
interfering  with  the  general  distribution.  The  same  shops  made  the 
bronze  faucets  in  use,  and  prepared  the  dead  ends  of  pipes  with  lead 
at  the  entrance  of  the  houses,  for  joining  up  the  distribution  within 
the  domicil.  The  water  is  led  by  a  principal  pipe  to  the  cistern,  in 
which  is  arranged  a  safety  cock  [Have  economica)  with  a  float,  to  prevent 
the  prodigal  waste  of  the  fluid.  From  this  cistern  the  occupants  of 
the  house  can  make  freely  such  distribution  as  suits  them,  with  the 
sole  proviso  that  they  put  a  cock  at  the  end  of  every  branch  in  the 
house. 

The  operation  of  jjumping  is  practiced  only  ^or  the  water  of 
Chepultepec.  That  iJroceeding  from  the  Desert,  Los  Leones  and  Santa 
Fe  is  found  under  conditions  which  joermit  its  introduction  to  the 
city  by  gravity,  running  in  pipes  from  El  Molino  del  Rey,  situated  at 
an  elevation  of  26  m.  above  the  average  level  of  the  city.  The  heavy 
water  of  the  two  springs  of  Chepultepec  is  collected  in  a  tank  beside 
the  engine-house  containing  the  pumps,  by  means  of  a  pipe  laid  at  the 
bottom  of  the  springs,  of  80  cm.  diameter,  whence,  through  pipes  of 
60  cm.  diameter,  it  is  raised  to  another  reservoir  25  m.  above  the  edge 
of  the  hill  of  CheiJultepec,  by  three  English-built  Worthington  pumps, 
with  a  capacity  of  1  020  cu.  m.,  each  motor  being  of  70  H.  P.  These 
engines  are  of  the  kind  known  as    "high  pressure,  direct  acting,  ex- 
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liansion,  with  condensers,"  each  one  possessing  the  ability  to  raise 
12  cii.  m.  of  water  per  minute  under  a  head  of  25  m. 

The  cylinders  have  the  following  dimensions:  The  high-pressure 
cylinder  has  8  English  ins.  diameter,  the  intermediate,  13,  and  the  low 
l^i'essure,  21;  all  have  the  same  length  of  stroke,  viz.,  18  ins.  The 
pumps  are  of  17  ins.  diameter. 

Working  under  normal  conditions,  the  engines  make  45  revolu- 
tions per  minute.  The  reducing  valves  are  moved  by  levers  con- 
nected with  the  piston  valves  by  means  of  eccentrics  {engranes).  The 
valves  are  so  arranged  that  the  cylinders  take  steam  throughout  the 
stroke,  the  expansion  occurring  only  by  the  jiassage  of  the  steam  from 
one  cylinder  to  another,  thus  securing  the  greatest  simplicity  of  con- 
struction and  avoiding  difficulty  of  adjustment.  The  valves  on  one 
side  of  the  engine  are  moved  by  the  trip  of  the  opposite  piston,  and  its 
combination  permits  the  constant  uniform  flow  of  water.  The  con- 
denser is  of  the  type  called  chorro,  and  the  pump  for  it  is  connected 
with  the  jjiston  rods,  as  are  also  the  principal  pumps,  which  are 
double  acting,  and  the  valves  of  which  are  jjrovided  with  sjirings. 
Each  engine  weighs  20  tons.  The  normal  pressure  of  steam  in  the 
boilers  is  100  lbs.  j^er  square  inch.  The  normal  velocity  of  the  engines 
is  135  ins.  per  minute,  which  corresponds  to  the  revolutions  already 
noted.  The  motors  consume  2  lbs.  of  combustible*  per  hour  jjer 
horse-power  developed.  The  combustible  is  brought  from  the  woods 
of  Desierto,  property  of  the  Municipality  of  Mexico,  the  exploitation 
of  which  is  in  charge  of  an  agricultural  professor  [agronomo). 

The  building  containing  this  machinery  is  in  three  divisions  ;  the 
pump-room  measures  35  ft.  by  32;  the  boiler-room,  33  by  32;  and  the 
fuel-room,  32  by  32.  The  iron  chimneys  are  50  ft.  high  above  the  brick 
foundations  on  which  they  rest.  The  three  x^umps  with  their  motors, 
boilers  and  ei-ection,  including  the  building  in  which  they  are  located, 
cost  $100  000,  and  were  inaugurated  December  29th,  1891. 

Uses  of  the  Water. — The  potable  water  made  use  of  by  the  city  of 
Mexico  is  variously  employed.  It  is  understood  that  for  drinking  and 
domestic  iDurposes  it  is  necessary  to  employ  salubrious  water  since 
hygiene  demands  that  such  water  shall  not  contain  germs  prejudicial 

*  Nothing  in  the  paper  indicates  the  character  of  the  "  combustiljle,"  which  is  certainly 
not  mineral  coal,  as  it  does  not  exist  in  the  region.  It  is  probably  wood,  though  charcoal  is 
a  common  fuel  in  the  city  of  Mexico,  and  its  transportation  would  be  much  less  expensive 
than  wood. — Trans. 
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to  health,  whether  it  be  solely  for  drinking,  for  baths,  for  daily  toilet 
use,  or  for  washing  clothes  and  other  articles  of  domestic  use.  But 
for  irrigation,  for  extinguishing  fires,  and  for  certain  industries,  it  is  a, 
damage  to  use  potable  water  unless  the  service  can  be  regulated,  since 
it  often  prevents  the  preferable  utilization  of  the  article  for  private 
health.  In  the  city  of  Mexico  these  inconveniences  are  especially  felt 
in  the  dry  season,  immediately  preceding  the  rains,  when  the  springs 
are  reduced  in  their  natural  supply.  Happily  this  trouble  will  last 
but  a  little  longer,  since  the  municipality  will  acquire  in  a  very  short 
time  new  sujiplies  which  will  be  conveniently  distributed  for  private 
domestic  use,  in  a  system  under  a  head  of  25  m.,  not  permitting  the 
present  enormous  waste. 

Water  is  delivered  to  private  parties  for  the  supply  of  their  estab- 
lishments through  the  medium  of  a  rent  contract,  by  which  a  monthly 
payment  of  $2.50  gives  a  medio  merced*  of  water,  equivalent  to  1.15  liter 
per  minute,  and  which  is  the  minimum  volume  prescribed  for  each 
house.  When  the  water  is  delivered  under  a  25-m.  head,  the  price  will 
be  advanced  to  $4.  The  supply  of  water  may  be  augmented  in  any 
case  in  units  of  medias  mercedes  at  the  same  proportional  rents.  At  the 
present  time  there  are  2  543  houses  which  employ  and  pay  rent  for 
light  water,  1  860  which  use  the  heavy  water,  and  116  which  use  the 
water  from  Guadalupe  Hidalgo,  being  a  total  of  4  519  houses. 

By  some  old  concessions  there  are  certain  establishments  which 
may  use  potable  waters  without  payment  of  rents.  There  are  239  houses 
jjresenting  such  claims,  but  up  to  the  present  time  the  municipality 
has  recognized  only  175  of  them.  Free  use  of  water  is  also  conceded 
to  the  municipality  and  to  those  who  have  artesian  wells  in  their 
houses,  amounting  in  niimber  to  234,  as  registered.  Public  edifices 
enjoy  concessions  for  the  free  use  of  water,  and  also  some  private 
houses  occupied  by  the  Government  offices  or  the  municipality,  while 
they  are  so  employed.  Public  fountains  for  the  free  use  of  the  people 
have  been  superseded  by  hydrants  or  other  form  of  faucet  placed  at 
the  edge  of  the  sidewalks;  they  are  generally  a  little  column,  with  a 
faucet  at  the  top.  The  fire  hydrants  are  to  be  found  at  the  corners  of 
the  streets.  In  the  public  gardens  and  parks  the  use  of  water  is 
also  gratuitous  and  sufficient  for  irrigation  and  the  service  of  orna 
mental  fountains.     The  arts  make  considerable  use  of  the  waters,  there 

*  A  localism  explained  in  the  context. — Trans. 
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being  many  establisliments  for  the  manxifacture  of  articles  of  food  and 
domestic  use,  while  there  are  many  mannfacturers  of  cloths,  hats  and 
other  subjects  of  the  national  industry  using  the  water  for  their  steam 
motors. 

Conclusion. — This  resume  has  been  brief,  purposing  only  to  give  an 
idea  of  the  service  and  distribution  of  water  in  the  city  of  Mexico. 
The  growth  and  importance  of  the  city  increases  daily,  and  the  quantity 
of  water  required  for  its  use  therefore  increases.  Thus  it  is  that  the 
Municipal  Council,  impressed  with  the  necessity  for  fulfilling  its  obliga- 
tions to  the  i^ublic  health  in  the  abundant  supply  of  pure  water,  neglects 
no  sacrifice,  expense  nor  enterprise  that  has  for  its  object  the  im|3rove- 
ment  of  this  important  branch  of  the  public  service. 
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Hix  years  ago  the  State  Board  of  Health  of  Massachusetts  began 
experiments  to  suj^ply  the  deficiency  that  was  found  to  exist  in  the 
knowledge  of  the  engineering  profession  ujion  the  subject  of  filtration 
of  water  and  of  sewage.  The  ends  in  view  were  the  prevention  of 
pollution  of  streams,  the  purification  of  domestic  water  sitpplies  and 
the  general  preservation  and  improvement  of  the  public  health. 

The  objects  were  not  to  make  a  better-looking  water  or  one  that 
would  be  better  adapted  for  use  in  steam-boilers  or  for  certain  manu- 
facturing i^urposes,  but  to  learn  the  best  methods  of  removing  those 
impurities  in  drinking  water  that  may  be  injurious  to  health,  and,  il" 


Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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possible,  to  purify  sewage  so  that  the  effluent  may  with  safety  be 
turned  into  a  drinking-water  stream. 

It  appeared  probable,  from  the  experiments  which  had  been  made 
by  Frankland  and  Warington,  in  England,  and  by  Schloesing,  in 
France,  and  at  the  Clichy  Laboratory,  near  Paris,  that  these  objects 
could  be  accomplished  by  intermittent  filtration.  Their  experiments, 
few  in  number,  but  giving  astonishing  results,  were  made  in  2-in.  glass 
tubes,  in  glass  cylinders  lOi  ins.  in  diameter  and  about  5  ft.  long,  and 
in  a  glass  tank  6 J  ft.  high  and  8  ins.  square.  Diligent  search  at  that 
time  failed  to  find  other  experiments  in  which  the  chemical  character 
of  the  effluent  could  be  definitely  compared  with  that  of  the  applied 
sewage. 

Excellent  effluents  had  been  obtained  in  the  experiments  on  irriga- 
tion by  the  British  Association  for  the  Advancement  of  Science,  and  by 
Marie-Davy  at  Paris,  and  on  irrigation  fields  in  Germany,  which  might 
now  be  attributed  to  filtration  ;  but  their  purity  was  then  regarded  as 
depending  to  a  great  degree  upon  the  action  of  growing  crops.  In 
these  results  Marie-Davy  had  shown  a  remarkable  purification  from 
bacteria. 

There  were,  in  1887,  various  filter  beds  in  use  in  England  and  on  the 
Continent,  mostly  in  connection  with  irrigation  fields,  or  used,  them- 
selves, for  growing  crops.  They  were  receiving  from  36  000  to  90  000 
galls,  of  sewage  per  acre  per  day,  and  were  giving  results  satisfactory 
to  the  operators  ;  but  the  few  published  results  oi  analyses  of  the 
effluents  were  less  satisfactory  than  those  obtained  in  the  labora- 
tories. 

There  was  not  sufficient  knowledge  upon  the  subject  in  the  profes- 
sion to  enable  a  well-educated  engineer  to  decide  whether  any  selected 
area  would  purify  sewage  applied  to  it,  and,  if  it  would  purify,  the 
amount  to  be  applied  and  the  proper  intervals  for  application,  and 
whether  and  under  what  conditions  disease-producing  germs  could  be 
removed  Avere  unknown. 

To  supply  knowledge  upon  these  jjoints  and  others  pertaining  to 
the  purity  of  water  sujiplies,  the  Experiment  Station  of  the  State  Board 
of  Health  of  Massachusetts  was  established  at  Lawrence  in  1887. 
Some  of  the  more  imj)ortant  general  results  of  the  six  years  of  careful 
investigation  will  now  be  j^resented. 

A  general  description  of  the  Station  and  the  methods  of  investiga- 
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tion  carried  on  there,  together  with  the  earlier  results  obtained,  may 
be  found  in  the  published  report  on  water  supply  and  sewerage,  entitled, 
"  Experimental  Investigations  by  the  State  Board  of  Health  of  Massa- 
chusetts upon  the  Purification  of  Sewage  by  Filtration  and  by  Chemi- 
cal Precipitation,  and  upon  the  Intermittent  Filtration  of  Water. 
Made  at  Lawrence,  Mass.,  1888-90."  Additional  results  may  be  found 
in  the  more  recent  "Annual  Reports  of  the  State  Board  of  Health  of 
Massachusetts. " 

A  model  of  the  Experiment  Station,  and  samples  of  some  of  the 
sands  used  there,  together  with  diagrams  of  some  of  the  earlier  results 
and  samples  of  the  sewage  and  of  the  effluents,  may  be  seen  in  the 
south-eastern  portion  of  the  floor  of  the  Anthropological  Building, 
which  is  at  the  south-eastern  extremity  of  the  Fair  Grounds. 

Some  idea  of  the  extent  of  the  laboratory  work  in  the  Department 
of  Filtration  may  be  conveyed  by  the  following  statistics. 

There  have  been  analyzed  chemically  : 

1  700  samples  of  sewage  applied  to  filters, 
6  400  samples  of  effluent  from  filtered  sewage, 
400  samples  of  water  applied  to  filters,  and 
970  samples  of  filtered  water  ;  also, 

611  samijles  of  substances  applied  to  filters  and  flowing  from 
them,  for  the  purpose  of  determining  the  effect  of  filtra- 
tion upon  various  substances  contained  in  sewage, 
making  a  total  of  10  081  chemical  analyses  of  samples 
connected  with  filtration. 

Bacterial  samples  of  sewage  and  effluent  corresponding  with  6  770 
of  the  above  chemical  samples  were  examined,  and  about  4  000  such 
samples  which  were  not  examined  chemically.  Nine  thousand  other 
bacterial  samples  were  examined  in  connection  with  filtration. 

Samples  of  sand  used  in  filters  examined  for  bacteria  numbered 
830,  making  a  total  of  20  650  bacterial  examinations  connected  with 
filtration.  There  have  bseu  made  3  703  comparative  species  determin- 
ations of  the  bacteria  in  water  before  and  after  filtration. 

When  this  work  was  commenced  it  was  definitely  known  that  no 
nitrification,  or  complete  oxidation  of  nitrogenous  organic  matter, 
would  take  jDlace  without  a  current  of  electricity  or  the  presence  and 
co-operation  of  organic  life.     Robert  Wariugton  had  found  by  numer- 
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ous  ingeuious  experiments  that  nitrifying  organisms  were  to  be  found 
abundantly  in  soil,  and  it  had  been  concluded  that  soil  was  essential 
to  a  filter-bed;  but  the  exj^eriments  of  the  State  Board  of  Health  show 
that  nitrifying  organisms  are  contained  in  the  several  kinds  of  drink- 
ing-water supplies  of  all  parts  of  the  State  and  probably  in  all  sewage, 
and  that  into  filter-beds  of  sand  or  gravel  containing  no  soil  they  are 
after  a  short  time  introduced  in  sufficient  numbers  by  the  sewage; 
hence,  that  soil  is  unnecessary  for  this  purpose. 

Organic  life  alone  cannot  produce  nitrification;  there  must  be  pres- 
ent free  oxygen.  Unlike  most  drinking  waters,  sewage  contains  no 
free  oxygen,  if  any  air  enters  it,  the  oxygen  is  absorbed  by  the  carbon 
of  the  organic  matter;  and  in  order  that  nitrification  may  take  jslace 
there  must  be  provided  an  excess  of  oxygen  beyond  that  which  will  be 
readily  taken  up  by  the  carbon. 

The  circumstances  that  bring  most  clearly  to  mind  the  essential 
conditions  of  intermittent  filtration  are  these:  a  bed  of  gravel  stones, 
as  large  as  robins'  eggs,  having  an  abundance  of  nitrifying  organisms 
attached  to  each  stone,  has  sewage  poured  over  it  for  a  short  time  ; 
after  the  sewage  has  settled  away,  every  stone  it  has  reached  is  covered 
with  a  thin  film  of  liquid  in  contact  with  air  and  enveloping  the  nitri- 
fying organisms.  Then  nitrification  takes  place  rapidly  and  with 
great  completeness.  A  single  hour  will  make  a  marked  change  in  the 
character  of  the  adhering  liquid. 

After  a  few  hours  another  charge  of  sewage  distributed  over  the 
filter  will  mingle  somewhat  with  the  former  adhering  liquid  and  cause 
it  to  move  downward.  If  this  charge  is  too  abundant,  a  part  of  it  may 
flow  too  rapidly  through  the  large  interstices  between  the  stones  and 
reach  the  outlet  drains  without  being  completely  nitrified.  This  con- 
dition limits  the  amount  that  can  be  purified  by  coarse  materials.  The 
air  spaces  are  larger  than  necessary,  and  the  area  of  surface  is  small. 
By  decreasing  the  diameter  of  the  stones  to  one-tenth  of  their  jiresent 
diameter,  we  may  still  have  the  same  amount  of  air  and  water  space 
and  ten  times  the  surface  to  which  the  water  may  adhere.  In  this 
case  the  air  sj^aces  between  the  films,  though  very  much  smaller  than 
before,  are  sufficient  to  supply  the  oxygen  necessary  for  nitrification 
if  we  allow  sufficient  time  between  ajsplications  for  the  sand  to  become 
drained.  It  is,  however,  evident  that  if  we  continue  diminishing  the 
diameter  of  the  grains  of  material,  Ave  shall  reach  a  condition  in  which 
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the  films  of  water  adhering  to  the  grains  will  occupy  the  whole  space; 
there  is  then  no  room  for  air,  and  nitrification  cannot  take  place.  Sand 
in  a  filter-bed  that  remains  saturated  after  draining  24  hours  is  of  little 
value  and  may  be  very  objectionable. 

Up  to  the  ijresent  time  the  exjieriments  of  the  State  Board  of  Health 
indicate  that  the  sand  of  even  grain  that  presents  all  of  the  conditions 
most  favorable  for  the  very  complete  jjuriflcation  of  sewage  has  a 
diameter  of  grain  of  about  two-tenths  of  a  millimeter,  or  about  eight- 
thousandths  of  an  inch. 

The  more  even  in  size  the  grains  are  the  better,  but  as  we  rarely 
find  a  sand  in  which  some  of  the  grains  are  not  many  times  the  size  of 
others,  and  as  the  conditions  for  nitrification  depend  more  essentially 
upon  the  finer  grains  of  the  mass,  we  have  found  it  more  intelligible 
to  classify  sands  by  the  finer  lO^o  of  their  grains,  and  in  thus  classify- 
ing sands  we  should  say,  that  sand  presents  the  conditions  most  favor- 
able for  very  complete  purification  of  sewage,  the  finer  IO/5  of  whose 
grains  has  diameters  equal  to  and  less,  but  not  much  less,  than  0.2 
mm. 

In  soils,  the  organic  matter,  which  is  much  finer  than  this,  makes 
up  a  considerable  part  of  the  finer  lO^fi'  of  the  particles,  and  this, 
sticking  to  the  other  particles,  decreases  the  air  and  water  spaces  to  a 
greater  extent  than  would  appear  from  the  mechanical  analysis;  hence, 
while  a  filter-bed  made  of  soil,  whose  finer  10%^  has  diameters  equal  to 
and  less  than  yfo^  mm.,  will  be  entirely  ineffectual  in  j)urifying  the 
smallest  amount  of  sewage,  one  made  of  clean  sand,  whose  finer  lO^o 
has  diameters  equal  to  and  less  than  too  nim.,  may  satisfactorily  purify 
for  years  30  000  galls,  of  sewage  per  acre  daily. 

With  the  kind  of  sand  indicated  above  as  being  most  favorable  for 
very  completely  purifying  the  largest  amount  of  sewage,  the  quantity 
that  may  be  permanently  applied  to  filters  having  a  depth  of  5  ft.  of 
such  sand  is  found  to  be  about  100  000  galls,  per  acre  daily. 

The  very  complete  purification  here  referred  to  produces  an  effluent 
chemically  as  good  as  many  drinking  waters,  having  in  100  000  parts 
about  0.0020  part  of  free  ammonia,  and  about  0.0130  part  of  albumi- 
noid ammonia,  the  former  being  but  ^-j  of  1%,  and  the  latter  but  2%, 
of  the  amount  in  the  sewage.  Nearly  all  of  the  organic  matter  of  the 
sewage  is  burned  up,  forming  in  the  effluent  soluble  nitrates  to  the  ex- 
tent of  about  1.8  j)arts  in  100  000.     Bacteriologically,  the  results  are 
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even  more  remarkable,  there  remaining  in  the  effluent  less  than  1  in 
10  000  of  the  number  applied  in  the  sewage.  The  appearance  of  the 
effluent  is  that  of  a  bright,  clear  spring  water. 

With  finer  sands  similar  results  may  be  obtained  with  decreasing 
quantities,  one-half  of  the  quantity  being  filtered  by  sands  of  whose 
finer  10%  the  maximum  grains  have  diameters  of  j§o  mm.,  and  excel- 
lent purification  may  be  obtained  with  sands  so  fine  as  to  allow  the 
application  of  only  25  000  galls,  per  acre  per  day.  In  fact,  with  the 
finer  sands,  having  a  proper  daily  charge,  the  bacteria  of  the  sewage 
may  be  more  completely  removed  than  with  the  sand  alloMung  the 
greatest  amount  to  be  purified  chemically. 

With  sands  coarser  than  the  most  favorable  size,  similar  results 
chemically  have  been  obtained  with  diminished  quantities,  one-half 
the  maximum  quantity  being  filtered  by  sands  of  whose  finer  10%"  the 
maximum  grains  have  diameters  of  i^u  mm.  Bacteriologically,  these 
coarser  sands  do  not  give  so  good  results,  but  they  remove  more  than 
99%  of  the  applied  bacteria.  Sands  coarser  than  that  given  as  most 
favorable  may  be  used  for  less  perfect  results  for  the  full  quantity  of 
100  000  galls,  per  acre  per  day  up  to  the  lai-ger  size  just  mentioned. 

With  still  coarser  sands  and  open  gravel  the  quantity  of  sewage  that 
may  be  purified  for  a  time  may  be  greater  than  the  maximum  amount 
given  above,  if  the  periods  of  application  be  made  sufficiently  short  and 
sufficiently  frequent;  but  after  a  time  such  treatment  causes  a  thick 
coating  of  slime  to  form  upon  the  surface  of  the  grains  and  stones  at  a 
considerable  depth,  where  the  air  is  not  changed  rajjidly  enough  to 
favor  complete  nitrification;  hence,  it  is  necessary  to  treat  such  coarse 
materials  with  less  than  the  maximum  amount,  or  else  resort  to  draw- 
ing or  forcing  air  through  the  filter,  which  expedient  we  have  found 
capable  of  increasing  the  nitrification  and  allowing  a  much  larger 
amount  of  sewage  to  be  nitrified  in  coarse  sand  filters. 

With  the  material  best  adapted  to  the  purification  of  large  quan- 
tities of  sewage,  there  is  a  deposit  of  nitrogenous  matter  in  the  upper 
layers  amounting  to  about  15%  of  all  of  this  kind  of  matter  applied  in 
the  sewage.  The  other  85%  is  oxidized  and  passes  off  in  solution  as 
nitrates  in  the  effluent.  The  eff'ect  of  this  deposit  on  and  near  the  sur- 
face is  to  decrease  the  air  space  between  the  grains  of  sand  and  increase 
the  amount  of  water  continually  held  by  these  layers;  thus,  in  time 
l^reventing  sufficient  change  of  air  in  the  layers  beneath.     Continued 
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efficient  action  may  be  liad  by  frequently  raking  over  the  surface  to  the 
depth  of  1  in. ;  but  there  comes  a  time  when  this  upper  inch  should  be 
removed  and  replaced  by  clean  sand.  With  the  full  complement  of 
100  000  galls,  per  acre  daily  of  such  sewage  as  has  been  filtered  at  Law- 
rence, the  uj^per  layer  1  in.  in  def)th  should  be  replaced  by  clean  sand 
once  in  about  eight  months.  With  other  rates  of  application  of  sewage, 
about  1  000  galls,  of  sand  should  be  replaced  for  each  1  000  000  galls, 
of  sewage  applied. 

The  sewage  that  has  been  used  upon  the  filters  of  the  Experi- 
ment Station  at  Lawrence  is  pumped  from  one  of  the  main  sewers 
above  where  manufacturing  wastes  enter,  and  where  the  sewage,  com- 
ing from  stores  and  from  the  homes  of  about  10  000  people,  may  be 
regarded  as  ordinary  city  sewage,  including  storm  water.  The  sew- 
age is  drawn  through  a  cylindrical  strainer  lying  horizontally  and 
diagonally  across  the  sewer  a  few  inches  above  the  bottom.  This 
strainer  has  many  holes  |  in.  in  diameter.  Lying  as  it  does  between 
the  bottom  and  the  top  of  the  stream  of  sewage,  it  is  probable  that  the 
sewage  drawn  through  the  pipe  does  not  contain  as  much  of  the  fatty 
substances  floating  on  the  surface  of  such  a  stream,  nor  as  much  of  the 
mineral  matter  moving  over  the  bottom  as  if  the  sewage  flowed  directly 
from  the  mouth  of  the  sewer  upon  the  filter,  but  quite  as  much  of 
these  substances  as  sewage  separate  from  storm  water  passed  through 
grease  traps  and  the  settling  basins  usually  used  with  sewage  to  be 
filtered. 

An  average  analysis  of  the  sewage  put  upon  the  filters  in  parts  i^er 
100  000  would  be  about  as  follows  :  Loss  on  ignition,  20  joarts  ;  fixed 
residue,  30  parts  ;  free  ammonia,  2  parts  ;  albuminoid  ammonia,  0.7 
l^art,  and  chlorine,  6  parts.  One-third  of  the  organic  matter  shown 
by  loss  on  ignition  is  in  suspension.  One-fifth  of  the  mineral  matter 
and  one-half  of  the  nitrogenous  matter  as  shown  by  the  albuminoid 
ammonia  is  in  suspension.  The  average  number  of  bacteria  was 
800  000  per  cubic  centimeter. 

With  sewage  containing  more  nitrogenous  matter  in  suspension 
than  here  given,  the  upper  inch  in  dejjth  of  sand  would  require  to  be 
replaced  more  frequently  than  above  stated,  and  with  correspondingly 
less  frequency  if  the  nitrogenous  matter  in  suspension  were  less. 

With  such  sewage  as  above  described  an  excellent  but  attainable 
result  during  warm  weather  is  an  effluent   whose  analysis  has  been 
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already  given  and  is  now  repeated  for  immediate  compai'ison.  Free 
ammonia,  0.0020  part;  albuminoid  ammonia,  0.0130  part,  and  nitrogen 
as  nitrates,  1.8  parts,  and  less  than  y^o  of  1%  of  tlie  number  of  bac- 
teria applied. 

To  obtain  as  good  a  result  in  a  cold  New  England  winter  it  is  neces- 
sary to  protect  the  surface  of  the  filter-bed  so  that  it  will  not  freeze. 
If  the  sand  freezes  at  the  surface  the  sewage  thaws  places  here  and 
there  and  passes  too  rapidly  through  the  sand  in  sections  having  less 
than  the  whole  area  of  the  bed  ;  air  is  partially  excluded  and  nitrifica- 
tion is  checked.  A  closed  shed  which  will  keep  snow  and  wind  from 
the  bed  will  be  sufficient  covering  where  the  sewage  used  has  the  ordin- 
ary temperature  of  sewage  in  sewers  of  45^  Fahr.  or  more. 

Unprotected  beds  treated  with  such  sewage  may  be  expected  to 
have  nitrification  very  much  checked  and  an  increase  in  organic 
matter  in  the  effluent  shown  by  the  albuminoid  ammonia,  amounting 
to  three  times  the  quantity  found  during  the  warm  months,  with  a 
larger  multiple  of  the  bacteria.  Four  such  beds  through  the  coldest 
months  removed  an  average  of  91%  of  the  albuminoid  ammonia  of 
the  sewage  and  97%  of  the  bacteria  ;  but  there  results  from  the  de- 
crease in  nitrification  a  storing  of  organic  matter  in  the  filter  which  is 
only  partially  removed  in  the  warm  months,  and  the  permanence  of  the 
filter  is  somewhat  imi^aired.  If  filters  are  to  be  run  nearly  to  their 
full  capacity,  they  should  be  protected  from  freezing. 

Fine  sand  filters  may  have  their  capacity  increased  by  excavating 
trenches  about  5  ft.  apart,  1  ft.  wide  and  2  ft.  deep,  and  filling  them  to 
within  3  ins.  of  the  top  with  coarser  sand  and  applying  all  of  the  sewage 
to  the  surface  of  the  coarse  sand.  In  winter,  boards  may  be  put  on  across 
the  ti'enches  under  which  the  sewage  will  flow  and,  being  j^rotected 
from  snow,  it  will  not  freeze.  Sand  so  fine  that  15  000  galls,  per  acre 
per  day  exceeds  its  capacity  may  thus  be  enabled  to  filter  satisfactorily 
30  000  galls. 

The  amount  of  sewage  that  may  be  applied  at  one  time  depends 
upon  the  size  of  the  grains  of  sand  and  the  resulting  amount  of  air  and 
of  water  held  after  draining.  With  gravel  stones  which  retain  very  little 
water  the  amount  aj^plied  at  once  should  not  be  as  great  as  the  amount 
retained,  otherwise  some  of  it  will  flow  through  immediately  without 
sufficient  time  for  the  chemical  changes  to  take  place.  On  the  other 
hand,    fine  sands  retaining  a  large  amount  of   water  hold   but   little 
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air;  and  as  sewage  needs  as  mucli  as  its  own  volume  of  aii*  for  its  oxi- 
dation, we  have  here  the  quantity  that  may  be  aj)plied  at  one  time 
limited  by  the  quantity  of  air  held  by  the  filter  when  the  sewage  is 
applied. 

The  quantities  that  have  been  indicated  as  being  very  completely 
jjurifled  daily  by  the  different  sands,  express  nearly  the  maximum 
quantity  that  may  advantageously  be  applied  at  once.  Smaller  quan- 
tities, with  intervals  of  a  fraction  of  a  day,  may  be  advantageously  ap- 
I)lied  to  coarse  materials. 

As  illustrated  by  the  filter  of  gravel  stones,  the  purification  of 
sewage  by  intermittent  filtration  is  in  no  essential  degree  a  strain- 
ing process  ;  it  is  essentially  exposing  the  liquid  for  a  sufficient  time 
in  thin  films  upon  the  surfaces  of  solid  particles  having  nitrifying 
bacteria  adherent,  with  air  in  contact  with  the  films.  These  are  the 
conditions  most  favorable  for  the  chemical  change,  which  consists  of 
burning  up  the  organic  matter  and  jsroducing  the  harmless  mineral 
matter  which  we  have  called  the  nitrates.  In  continuous  filtration 
these  conditions  do  not  exist,  and  no  such  purification  is  j^ossible.  It 
is  equally  true  that  the  removal  of  bacteria  from  the  liquid  depends 
only  incidentally  upon  straining  ;  for  example,  upon  straining  sewage 
through  filter  paper,  which  is  supposed  to  remove  all  suspended  mat- 
ter, the  number  of  bacteria  remaining  in  the  effluent  was  20°^  of  the 
number  applied,  while  the  number  leaving  a  filter  of  gravel  stones  5  ft. 
deep  was  less  than  1%  of  the  number  ajjplied  when  filtering  inter- 
mittently 80  000  galls,  of  sewage  per  acre  daily. 

Bacteria  are  killed  by  subjecting  them  to  conditions  on  the  passage 
through  the  filter  unfavorable  to  their  life.  One  very  important  con- 
dition is  depriving  them,  for  a  sufficient  time,  of  suitable  food  material. 
This  is  most  efiectually  accomplished  by  burning  up  the  organic  mat- 
ter in  the  process  of  complete  nitrification  ;  so  that,  in  general,  the 
conditions  which  produce  the  most  complete  chemical  purification  are 
those  most  favorable  for  the  removal  of  bacteria.  It  also  results  that 
the  effluent  in  which  nitrification  has  been  complete  is  unfitted  to 
support  the  life  of  bacteria.  On  the  other  hand,  water  that  has  been 
boiled  supplies  a  good  food  for  bacteria,  and  if  such  water  be  treated 
with  a  small  percentage  of  unboiled  water,  the  bacteria  thus  introduced 
may  increase  in  a  few  days  to  a  thousand  times  the  number  then  to  be 
found  in  the  unboiled  water.     If,  when  very  completely  nitrifying  the 
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sewage  applied  to  it,  a  filter  be  flooded  witli  water  from  a  boiler,  the 
following  effluents  from  sewage  will  contain  a  much  larger  number  of 
bacteria  than  usual. 

It  was  found  that  heating  the  sand  of  a  filter  to  300^  Fahr.,  or  more, 
and  pouring  boiling  water  through  it  caused  100  times  as  many 
bacteria  to  j^ass  through  it  with  sewage  for  three  months  as  passed 
through  a  similar  filter  whose  sand  and  first  water  had  not  been  heated. 
This  appears  to  be  dwe  to  preparing  the  organic  matter  in  the  sand  and 
in  the  water  by  heat,  so  that  it  is  a  better  food  for  the  bacteria. 

When  working  along  with  steady  application  of  ordinary  sewage, 
with  surface  kept  sufficiently  free  to  allow  air  to  enter  and  make  nitri- 
fication satisfactory,  the  number  of  bacteria  found  in  the  effluents  of 
10  filters  averaged  xoo  of  1%  of  the  number  applied  in  the  sewage. 
With  filters  having  sands  coarser  than  the  sand  which  we  have  speci- 
fied as  best  adapted  to  purify  the  largest  amount  of  sewage,  the  num- 
ber remaining  in  the  effluents  was  about  yo  of  1%;  while  from  the 
filters  with  sands  finer  than  the  standard,  the  number  remaining  in  the 
effluents  was  but  XfAro  of  1%  of  the  number  applied  in  the  sewage.  In 
fact,  we  have  the  strongest  reason  to  conclude  that  with  these  sands  no 
bacteria  ordinarily  lived  through  the  passage,  but  that  under  peculiar 
circumstances  a  few  survived,  and  these  lived  in  the  under-drains,  and 
occasionally  from  these  a  few  units  came  in  the  effluent  to  represent 
the  hundreds  of  thousands  applied.  Sometimes  the  few  found  in  the 
effluent  were  a  pure  culture  of  a  single  species  of  bacteria. 

With  the  facts  that  with  the  coarser  sands  the  number  of  bacteria 
that  live  to  get  through  the  filter,  when  nitrification  is  nearly  com- 
plete, is  an  extremely  small  percentage  of  the  number  applied  in  the 
sewage,  and  that  the  effluents  from  highly  nitrifying  filters  are  not 
adai)ted  to  the  support  of  bacteria,  we  have  still  to  ask  whether  any  dis- 
ease germs  will  pass  such  filters,  and  if  any  pass,  will  they  increase 
in  the  effluent  and  in  a  stream  to  which  this  may  flow? 

It  has  been  found  that  most  of  the  bacteria  that  get  through  the 
filters  are  of  kinds  that  live  and  are  propagated  in  wet  sands  and 
Tinderdrains.  If  typhoid  fever  germs  were  applied  with  the  sewage, 
their  lateness  of  development  upon  gelatine  plates  allows  other  bac- 
teria to  grow  in  such  numbers  or  to  liquify  the  plates  to  such  an 
extent  that  the  typhoid  fever  germs,  if  present,  can  hardly  be  distin- 
guished; hence,  it  becomes  necessary  to  select  a  foreign  sjjecies,  not 
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found  in  our  sewage,  having  habits  of  life  similar  to  typhoid  fever 
germs,  that  can  be  readily  distinguished  from  other  bacteria;  such  is 
Bacillua  prodigioaus  which  has  been  cultivated  in  large  ntimbers  and 
applied  by  the  millions  to  the  several  filters. 

With  sands  whose  finer  10%  had  grains  as  large  as  1%  mm.  we  have 
succeeded  in  passing  through  a  few  of  the  Bacillus  prodigiosns,  and 
conclude  that  typhoid  fever  germs  would  pass  through  such  sands  in 
very  much  reduced  numbers. 

With  sands  of  -j-o  mm.  and  less  we  have  not  succeeded  in  finding  in 
the  effluents  any  of  the  large  numbers  of  Bacillus prodigiosus  applied 
with  the  sewage.  These  results,  together  with  the  fact  that  typhoid 
fever  germs  continually  decrease  in  numbers,  not  only  in  the  effluents 
from  these  filters,  but  even,  although  less  rapidly,  in  sewage-polluted 
waters  which  have  not  been  filtered,  dying  out  in  the  latter  in  from 
one  to  three  weeks,  give  us  confidence  in  concluding  that  filters  made 
with  these  finer  sands,  so  long  as  they  are  kept  in  a  condition  to  very 
completely  nitrify  the  sewage  applied,  will  give  an  effluent  that  may 
with  safety  be  turned  into  a  drinking-water  stream. 

Study  of  the  working  of  intermittent  filters  shows  them  to  be  not 
mechanical  strainers,  but  delicate  organisms  gradually  growing  fitted 
to  perform  the  work  required  of  them,  needing  time  to  adapt  them- 
selves to  any  marked  change  in  the  amount  or  quality  of  the  organic 
matter  applied  to  them,  but  regularly,  and  for  many  years,  performing 
an  astonishing  amount  of  chemical  and  biological  purification,  if  the 
essential  conditions  for  their  action  are  maintained. 

As  previously  stated,  the  sewage  pumj)ed  from  the  Lawrence  sewer 
does  not  to  any  large  extent  contain  wastes  from  manufactories  and 
dye  works.  Sewage  highly  colored  at  the  Station  with  the  ordinary 
coloring  matters  used  in  dye  works  was  applied  intermittently  for 
weeks  to  several  filters  with  the  resulting  effluent  entirely  colorless. 

Acid  sewage,  applied  occasionally,  does  not  interrupt  nitrification, 
but  if  long  continued,  with  sand  containing  no  alkali,  it  causes  nitrifi- 
cation to  cease.  This  may  be  prevented  and  nitrification  continued 
indefinitely  if  in  constructing  the  filter  thin  layers  of  granulated 
limestone,  having  grains  about  the  size  of  the  sand  grains,  are  built 
into  the  upper  part  of  the  filter. 

Soap  aj)plied  in  large  quantities  may  clog  the  upper  layers  of  a 
filter  and  prevent  nitrification,  in  which  case  the  upper  layers  should 
be  replaced  by  clean  sand. 
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Filtration  of  Watei: — The  principles  of  the  purification  of  sewage 
by  intermittent  filtration  are  applicable  to  the  i^urification  of  pol- 
luted water  supplies,  with  this  important  difference  :  water  supplies 
have  not  sufficient  organic  matter  to  combine  readily  with  all  of  the 
oxygen  the  water  absorbs  from  the  air,  consequently  they  contain 
more  or  less  free  oxygen  ;  hence,  they  do  not  require  so  frequent  re- 
newal of  air  in  the  sand,  and  much  larger  quantities  can  be  passed 
through  the  filter  and  find  there  a  sufficient  additional  amount  of  air 
to  combine  with  what  nitrogenous  matter  they  contain,  to  nitrify  it 
through  longer  periods  of  continuous  use  than  the  still  more  polluted 
water  which  we  call  sewage. 

We  may  in  a  very  general  way  distinguish  between  the  two  by 
saying  sewage  contains  50  times  as  much  nitrogenous  organic  matter 
as  a  polluted  water  supply.  The  question  may  then  arise,  can  we 
satisfactorily  purify  by  filtration  50  times  as  much  water  as  sewage 
upon  the  same  area  ?  It  may  i^roveto  be  practicable  in  the  future,  but 
at  present  we  will  give  attention  to  results  that  have  been  obtained 
when  filtering  about  half  of  this  amount. 

One  of  the  first  steps  in  considering  what  sand  to  use  in  a  filter  is 
to  determine  how  much  water  will  flow  through  it  with  the  available 
head.  Mr.  Allen  Hazen,  the  chemist  in  charge  of  the  Experiment 
Station,  found  the  quantity  that  would  flow  through  the  sands  ordin- 
arily used  for  filtration*  to  be,  at  a  constant  temperature,  directly 
proportional  to  the  acting  head,   and  inversely  proportional  to  the 


*  Mr.  Hazen  also  made  a  few  experiments  to  aid  in  determining  the  amount  of  coarse 
material  necessary  for  underdraining  the  sand,  which  may  be  summarized  as  follows : 

Quantity  of  Water  Flowing  Through  Gkavkl  Stones  at  Different  Heads. 


•^  .S  60 
ra-O   3 


0.0005 

0.001 

0.002 

O.OOi 

0.01 

0.02 

0.05 

0.10 


Size   of  gravel   stones    in   millimeters   and   inches, 
finer  than — 


The  finer  109^ 


Millimeters 
Inches 


3 

5 

8 

10 

20 

30 

40 

0.12 

0.20 

0.32 

0.39 

0.79 

1.2 

1.6 

50 
2.0 


Quantity  flowing  in  1  000  000  gallons  per  acre  daily. 


4 

12 

22 

35 

90 

170 

280 

7 

23 

43 

65 

160 

300 

480 

15 

43 

84 

120 

300 

490 

720 

29 

83 

160 

230 

520 

790 

1  070 

72 

185 

320 

420 

890 

1280 

1670 

136 

320 

SOO 

630 

1  280 

1  800 

2  340 

300 

600 

950 

1140 

2  030 

2  862 

3  734 

530 

1000 

1400 

1650 

2  850 

4  044 

5  280 

410 

690 

1  040 

1  360 

2  150 

3  030 

4  800 
6  800 
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depth  or  distance  througli  the  sand.  He  also  found  it  directly  pro- 
2>ortional  to  the  square  of  the  maximum  diameter  of  the  finer  10"^ 
of  the  sand  grains.  Calling  the  maximum  diameter  in  millimeters  d, 
the  head  in  feet  h,  the  distance  flowing  through  the  sand  /,  and  the 
quantity  in  1  OjO  000  galls,  per  acre  per  day  Q,  he  found  the  follow- 
ing formula  to  satisfactorily  express  the  results  of  his  experiments 
with  water  at  about  50'  Fahr. : 

800  h  d- 

The  sand  which  we  have  found  capable  of  very  completely  purify- 
ing the  largest  quantity  of  sewage  having  (/  equal  to  ru  mm.  would, 
when  1  ft.  deep  and  with  1  ft.  acting  head,  allow  32  000  000  galls,  per 
acre  to  flow  through  it  in  24  hours;  and  the  same  quantity  would  flow 
through  any  other  depth  if  the  acting  head  were  equal  to  the  depth. 
There  are  jiractical  considerations  that  make  it  desirable  to  depend 
upon  a  less  head  than  the  distance  the  water  passes  through  the  sand. 
If  there  be  1  ft.  acting  head  for  a  passage  of  5  ft.  through  the  sand,  the 
maximum  quantity  that  would  flow  through  this  sand  in  24  hours 
would  be  6  400  000  galls,  jjer  acre;  but  the  whole  24  hours  would  not 
be  available  if  the  water  be  applied  intermittently.  "With  the  Merri- 
mac  Eiver  Avater  used  in  the  experiments  it  was  found  that  filling  the 
sand  with  air  once  a  day  was  sufficient;  in  which  case  we  can  count 
upon  a  steady  flow  through  the  sand  for  two-thirds  of  the  24  hours, 
thus  passing  4  300  000  galls,  per  acre  per  day  when  the  sand  is  clean; 
but  this  quantity  would  be  still  further  reduced,  for  the  water  has  some 
organic  matter  and  some  mineral  matter  in  suspension  at  all  times, 
and  during  the  spring  freshets  the  amount  of  mineral  matter  is  very 
large.  All  of  this  suspended  matter  tends  to  clog  the  interstices  of  the 
upper  layer  of  the  filter  and  to  allow  less  water  to  j)ass;  hence,  the  sand 
of  the  filter  must  be  coarse  enough  to  allow  the  desired  quantity  to  flow 
through  when  the  uj^per  layer  is  obstructed,  and  not  make  the  inter- 
vals between  scrapings  of  the  surface  to  remove  this  deposit  too  incon- 
veniently short. 

With  the  water  used,  the  sand  we  are  considering  allowed  60  000  000 
galls,  of  water  to  pass  through  1  acre  between  the  times  when  it  was 
necessary  to  scrape  the  surface  and  remove  about  i  in.  of  sand  and 
sediment  and  replace  with  clean  sand. 

When  filtering  2  000  000  galls,  per  acre  daily,  the  deposit  had  to  be 
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removed  once  a  month  in  the  six  months  from.  May  to  October,  and  more 
frequently  during  the  spring  and  fall  freshets.  With  coarser  and  finer 
sand  the  amount  passed  between  scrapings  was  nearly  in  j)roportion 
to  the  size  of  the  sand  grains. 

Sands,  the  larger  grains  of  the  finer  lOj^o"  of  which  are  from  -^o 
to  vV  mm.  in  diameter,  and  whose  capacity  to  pass  water  through  a 
depth  equal  to  the  acting  head  ranges  from  8  000  000  to  72  000  000 
galls,  per  acre  in  24  hours,  have  given  excellent  results  when  filtering 
2  000  000  galls,  per  acre  per  day,  and  the  mean  of  these  sizes  has  also 
satisfactorily  purified  3  000  000  galls,  per  acre  per  day. 

With  still  coarser  sands,  up  to  -i\  mm.  in  diameter,  good  results 
have  been  obtained  when  filtering  1  000  000  galls,  a  day;  but  the  results 
were  variable,  and  the  largest  size  mentioned  has  not  given  assurance 
that  SB  wage  polluted  water  can  be  constantly  purified  from  its  disease 
germs. 

With  filters  having  5  ft.  in  depth  of  sand,  whose  finer  10"V  had 
maximum  grains  from  tij  to  1%  mm.  in  diameter,  the  chemical  purifi- 
cation, when  filtering  at  the  rate  of  1  250  000  to  2  000  000  galls,  in  24 
hours,  was  very  satisfactory,  both  with  continuous  and  with  intermit- 
tent filtration.  The  following  are  average  results  in  parts  jier 
100  000  : 

Free  Albuminoid  Nitrogen 

ammonia.  ammonia.  aa  nitrates. 

Unfiltered  water  from  the  river 0.0070  0.0187  0.0119 

Kiver  water  filtered  continuously 0-.0008  0.0078  0.0251 

Kiver  water  filtered  intermittently 0.0007  0.0 J75  0.0468 

As  before  indicated,  there  is  in  drinking  water  nearly  enough  ab- 
sorbed oxygen  to  combine  with  the  nitrogenous  organic  matter  to  burn 
it  up  or  to  nitrify  it,  when  it  is  brought  in  contact  with  nitrifying 
bacteria  under  conditions  favorable  for  their  action.  Filling  the  sand 
with  air  once  a  day  furnishes  the  additional  quantity  of  oxygen  neces- 
sary for  very  complete  nitrification. 

In  the  results  just  given  we  find  in  continuous  filtration  the  free 
ammonia  is  reduced  from  0.0070  to  0.0008  jsart,  or  to  11/^  of  the 
original;  the  albuminoid  ammonia  is  reduced  from  0.0187  to  0.0078 
part,  or  to  42^;^,  while  the  nitrates  are  more  than  doubled.  In 
intermittent  filtration  the  free  and  albuminoid  ammonias  are  reduced 
to  10°^  and  40^^;',  respectively,  and  the  nitrates  are  quadrupled.  The 
large  additional  amount  of  the  nitrogen  which  has  come  through  the 
intermittent  filter  as  soluble  nitrates  has  remained  in  the  continuous 
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filter  and  often  gives  rise  there  to  growths  of  organic  matter  which  are 
objectionable. 

Similar  chemical  results  may  be  obtained  with  filters  having  sand 
4ft.  deep.  With  less  depths  the  purification  is  less  complete,  but  even 
with  a  depth  of  only  1  ft.  of  sand  the  free  and  albuminoid  ammonia 
were  reduced  to  21,?o  and  52%,  respectively,  of  the  unfiltered  water, 
and  the  nitrates  were  nearly  doubled ;  still,  these  shallow  depths  can- 
not be  depended  upon  to  give  constantly  reliable  results. 

While  the  chemical  change  that  takes  place  in  the  water  when  pass- 
ing through  the  filter  is  important,  it  is  much  less  important  than  the 
removal  of  bacteria.  One  very  important  effect  of  burning  up  the  or- 
ganic matter  and  forming  nitrates,  is  removing  the  food  supply  that 
would  support  the  life  of  injurious  bacteria.  It  is  probably  fair  to 
state  that  the  invisible  vegetable  kingdom  of  bacteria  is  as  a  whole  no 
more  injurious  to  man  than  the  whole  of  the  visible  vegetable  kingdom. 
As  in  the  latter,  there  are  certain  poisonous  plants,  so  in  the  former 
there  are  a  few  species  that  cause  disease  in  man.  Of  these  we  know 
but  little,  but  as  far  as  studied  we  do  not  find  that  they  increase  in 
sewage  polluted  water.  The  temperature  and  food  supply  they  find 
in  the  human  body  are  better  adapted  to  their  propagation,  and  while 
they  continue  for  a  time  to  exist  when  turned  with  sewage  into  a 
stream  or  pond,  it  is  probable  that  they  continually  decrease  in 
numbers. 

The  longest  time  we  have  been  able  to  keep  the  germs  of  typhoid 
fever  alive  in  Merrimac  River  water  is  about  three  weeks  ;  more  com- 
monly they  disappear  in  one  week.  This  short  period  of  existence  of 
typhoid  fever  germs  in  such  waters  j^resents  the  probable  reason  why 
typhoid  fever  may  be  readily  carried  down  a  river  from  city  to  city 
using  the  water  for  drinking,  while  a  polluted  stream  may  enter  one 
end  of  a  large  jjond  whose  waters  are  changed  only  after  months,  and  a 
water  supply  drawn  from  the  ojaposite  end  may  be  continually  free 
from  the  disease  jjollution.  It  is  also  a  reason  why  we  may  be  satisfied 
in  removing  nearly  all,  if  not  quite  all,  of  the  disease  germs  from  a 
polluted  water  by  filtration. 

As  there  are  found  to  be  certain  species  of  water  bacteria  that  grow 
and  increase  in  numbers  in  wet  sand  and  in  the  under  drains  of  filters, 
the  efficiency  of  filters  in  removing  disease  germs  must  be  determined 
by  applying  to  them  water  inoculated  with  a  known  number  of  these 
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germs  or  witli  others  having  similar  conditions  of  life,  and  learning 
how  many,  if  any  such,  remain  in  the  effluent. 

Most  of  the  tests  which  the  State  Board  of  Health  relies  upon  as 
giving  the  efficiency  of  diflferent  filters  in  removing  disease  germs,  have 
been  made  by  ajaplying  to  the  filters  water  containing  large  numbers  of 
the  typhoid  bacillus  or  of  the  more  easily  recognized  Bacillus prodigiosus. 

These  tests  show  that  with  sands  whose  finer  10%  have  grains 
eqxial  to  or  less  than  from  n,  to  nr  mm.  from  1  500  000  to  3  000  000 
galls,  of  water  containing  large  numbers  of  these  germs  may  be  filtered 
daily  upon  an  acre  with  the  constant  removal  of  more  than  99|  "„  of 
the  germs,  and  it  is  probable  that  a  similar  result  would  attend  the 
use  of  sand  up  to  a  diameter  of  /o  nam. 

It  is  found  that  after  scraping  the  surface  of  the  filter,  a  few  more 
germs  are  found  in  the  effluent  than  before,  but  the  number  removed 
at  this  time  is  still  more  than  99  ^"o  of  those  apj)lied. 

With  the  intelligent  care  and  favorable  conditions  at  the  Experi- 
ment Station  less  than  \  of  1  "^  of  the  api^lied  germs  live  to  get  through 
the  water  filters,  with  sands  varying  in  depth  from  1  ft.  to  5  ft. ;  and, 
within  this  limit,  the  deeper  filters  and  the  finer  sands  allow  smaller 
numbers  to  pass. 

The  difference  in  the  efficiency  of  removing  these  applied  germs 
with  sand  1  ft.  deep,  or  with  sand  5  ft.  deep,  is  so  small  that  it  is  evi- 
dent that  nearly  all  of  the  removal .  is  effected  by  the  upper  foot  of 
material.  In  fact,  in  a  filter  having  1  ft.  in  dejjth  of  sand  which  had 
been  filtering  continuously  for  six  months  the  surfaced  was  scraped, 
and  in  the  next  ten  days  more  than  2  000  million  of  Bacillus  2J7'odigiosiis 
were  applied  from  day  to  day.  The  sand  was  then  carefully  examined 
and  found  to  contain  13^%'  of  the  number  applied,  93,%'  of  which  were 
found  in  the  upper  i  in.  None  were  found  alive  below  the  upper  inch. 
This  was  not  the  case  with  the  ordinary  river  bacteria;  they  were 
distributed  throughout  the  sand,  but  with  greatly  decreased  numbers 
below  the  upper  inch. 

"With  intermittent  filtration  of  water,  the  number  of  germs  remain- 
ing alive  in  the  sand  is  very  much  less  than  with  continuous  filtration. 
Some  examinations  in  the  summer  have  shown  the  number  in  the  upper 
i  in.  to  be  but  1%  of  the  number  that  had  been  applied.  The  ordinary 
river  bacteria  do  not  survive  within  the  sand  in  intermittent  filtration 
to  nearlv  the  same  extent  as  in  continuous  filtration. 
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Long  series  of  experiments  with  the  filters  which  we  regard  as  adajited 
to  the  filtration  of  water  supplies  have  shown,  immediately  after,  as 
well  as  before,  scraping  the  surface,  a  removal  of  more  than  99^o/()^  of 
the  applied  germs,  and  if  all  of  the  disease  germs  like  those  of  typhoid 
fever  do  not  increase,  but  rapidly  decrease,  in  filtered  water,  we  may 
conclude  that  the  i%  of  1%  of  the  number  applied  Avill  do  little  or  no 
harm. 

Such  results  can  only  be  obtained  in  actual  practice  by  having  the 
filters  constructed  with  the  most  intelligent  care,  having  in  view  par- 
ticularly that  the  sand  shall  be  so  placed  that  it  forms  a  homogeneous 
mass  without  stratification  or  coarse-grained  channels  down  through 
which  an  undue  quantity  of  water  may  flow  ;  and  when  in  use  the  sur- 
face should  be  as  intelligently  kept  in  order  so  that  every  square  foot 
shall  continually  do  its  allotted  part  of  the  work. 
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THE  SEWERAGE   SYSTEM    OF   MILWAUKEE  AND 
THE  MILWAUKEE  RIVER  FLUSHING  WORKS. 


By  G.  H.  Benzenbekg,  M.  Am.  Soc.  C.  E. 


Prepared   for  the  luteruational  Engineering   Congress  of  the 
Columbian  Exposition,  1893. 


Tlie  city  of  Milwaukee,  with  a  poijulation  of  about  240  000,  is 
situated  on  the  west  shore  of  Lake  Michigan  about  100  miles  below 
the  head  of  the  lake  and  86  miles  north  of  the  city  of  Chicago. 
Its  area  is  21  sq.  miles,  having  a  length  of  6^  miles  north  and  south 
along  the  lake  front,  with  a  maximum  width  of  4^  miles  from  the  lake 
shore.  It  is  divided  into  four  natural  divisions  by  three  rivers  con- 
verging into  one  common  outlet  about  midway  between  the  north  and 
south  limits.  The  natural  outlet  of  these  rivers  was  originally  i  mile 
further  south,  but,  in  order  to  improve  the  harbor,  the  city  in  1854 
constructed  the  present  outlet,  which  since  that  time  has  been  ex- 

NoTE.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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tended  and  maintained  by  the  Government  as  the  harbor  entrance, 
the  old  outlet  meanwhile  having  been  closed  by  the  sand  accretions 
and  the  action  of  the  waves. 
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By  enactment  the  city  is  divided  into  three  divisions.  The  east 
division,  having  an  area  of  3^  sq.  miles,  is  situated  between  the  lake 
and  the  Milwaukee  River,  which  flows  from  the  north,  nearly  parallel  to 
the  lake  shore  and  from  ^  to  1  mile  distant  therefrom  ;  the  west  divi- 
sion, with  an  area  of  9  J  sq.  miles,  is  situated  west  of  the  Milwaukee 
and  north  of  the  Menomonee  River,  which  floAvs  from  the  west  and 
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joins  the  Milwaukee  Kiver  about  J  mile  west  from  its  outlet  ;  the 
south  division,  with  an  area  of  7j  sq.  miles,  is  situated  south  of  the 
harbor  and  the  Menomonee  River,  and  lies  on  both  sides  of  the  Kin- 
nickinnic  River,  which  is  the  smaller  of  these  streams  and  flows  from 
the  southwest  emptying  into  the  Milwaukee  River  at  its  present  out- 
let. The  lower  east  and  west  divisions  became  first  settled,  and  form 
to-day,  for  a  distance  of  i  mile,  north  of  their  southern  boundary,  the 
center  of  the  business  section  as  well  as  of  the  population  of  the  city. 
Near  the  mouth  of  the  rivers,  which  are  each  navigable  and  docked  for 
a  distance  of  about  2^  miles,  the  territory  was  originally  covered  by  a 
large  marsh  which  now  forms  the  low  level  district,  and  from  which 
point  the  ground  gradually  ascends,  the  river  banks  becoming  steeper  in 
proportion  to  their  distance  from  their  outlets  until  the  ground  finally 
reaches  an  elevation  of  from  100  to  140  ft.  above  the  lake  level.  The 
various  earlier  manufactories  were  originally  located  along  the  banks 
of  the  Milwaukee  River,  but  have  since,  with  the  exception  of  the  tan- 
neries, been  removed  to  th-e  Menomonee  and  Kinnickinnic  valleys, which, 
on  account  of  their  greater  width,  have  become  the  great  railroad  yards 
and  their  outlets.  The  natural  flow  in  these  rivers  is,  excepting  in  the 
spring  or  at  the  time  of  a  long,  severe  rain  storm,  very  small,  at  times 
in  the  summer  ceasing  altogether.  The  flow  over  the  dam  across  the 
Milwaukee  River,  originally  constructed  3^  miles  above  the  harbor  en- 
trance for  canal  and  power  purposes,  averages  during  the  summer 
months  not  over  15  000  000  galls,  per  day,  notwithstanding  the  water- 
shed of  this  river  covers  an  area  of  675  sq.  miles.  Hence,  the  current 
in  these  streams  is  naturally  very  sluggish,  and,  on  account  of  the 
winds  on  the  lake,  nearly  as  often  up  stream  as  down  stream. 

In  1869,  when  the  population  had  reached  68  000,  a  general  sewer- 
age system,  designed  by  the  late  Mr.  E.  L.  Chesbrough,  M.  Am.  Soc. 
C.  E.,  was  adopted,  and  the  construction  of  sewers  according  to  such 
system  commenced  on  a  large  scale.  This  system,  which  covered  a 
territory  of  4|  sq.  miles  in  the  heart  of  the  city,  contemplated  the 
removal  of  all  storm  water  as  well  as  sewage,  and  provided  for  the  dis- 
charging of  the  same  into  the  streams  at  the  banks  of  the  rivers.  The 
plan  of  this  system  has  since  been  extended  and  added  to  until  now  it 
covers  the  entire  present  area  of  the  city.  There  have  been  constructed 
226.41  miles  of  sewers,  at  a  total  aggregate  cost  of  $2  888  977.71. 

Forty-seven  or  63%  of  these  sewer  outlets,  varying  from  18  to  96 
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ins.  in  diameter,  are  located  along  the  Milwaukee  Kiver,  and  drain 
40%"  of  the  above  area  into  it.  Forty-two  per  cent,  of  the  area  is 
drained  through  17  sewers  into  the  Menomonee  valley,  in  addition  to 
which  the  stream  and  canals  in  said  valley  also  receive  the  refuse  of 
all  the  large  packing-houses,  distilleries  and  other  like  establishments 
located  along  their  banks. 

In  1872  the  construction  of  the  water-works  of  the  city,  designed 
by  the  late  Moses  Lane,  M.  Am.  Soc.  C.  E.,  was  commenced. 
These  have  been  extended,  until  now  the  total  cost  of  the  works 
has  reached  the  sum  of  ^4  013  994.46,  and  the  distribution  system, 
covers  a  total  length  of  229. 14  miles  of  water  mains.  The  introduction 
of  the  water-works  naturally  hastened  the  extension  of  the  sewerage 
system.  The  result  of  the  discharge  of  the  sewage  and  factory 
refuse  into  the  sluggish  streams  soon  became  noticeable,  so  much  so, 
that  within  10  years  after  the  adoption  of  the  system,  the  offensiveness 
of  the  rivers  and  canals  in  the  Milwaukee  and  Menomonee  valleys  be- 
came a  matter  of  public  agitation  and  earnest  complaint.  Intercept- 
ing sewers  along  the  banks  of  all  the  rivers  were  generally  suggested 
as  the  proper  remedy.  To  determine  the  best  method  of  abating  the 
ever-increasing  nuisance,  and  to  insure  the  purity  of  the  water  supply, 
the  solution  thereof  was  entrusted  to  an  engineering  commission,  con- 
sisting of  Messrs.  E.  S.  Chesbrough,  Moses  Lane  and  George  E.  War- 
ing, Jr. ,  who  in  1880  recommended  the  purchase  of  500  acres  of  land 
whereupon  in  the  future  to  dispose  the  sewage  by  irrigation.  They 
also  recommended  the  construction  of  a  series  of  low-level  intercepting 
sewers,  the  contents  of  which  were  to  be  pumped  out  into  the  lake 
1  mile  south  of  the  harbor  entrance,  as  well  as  the  construction  of 
self-acting  flush  tanks  at  the  heads  of  the  sewers. 

As  a  result  of  these  recommendations,  a  plan  providing  for  the  con- 
struction of  an  intercepting  sewer  from  the  lake  shore  immediately 
south  of  the  harbor,  westward  and  to  the  south  of  the  Milwaukee  and 
Menomonee  Rivers  to  the  center  of  the  large  packing-house  district, 
"was  adopted;  and  in  1881  the  east  4  300  ft.  of  this  sewer,  being  from, 
the  west  bank  of  the  Milwaukee  River  westward,  was  put  under  con- 
struction. Succeeding  to  his  present  office  in  1882,  the  writer  believed 
that  to  even  partially  restore  the  waters  of  the  Menomonee  valley  to 
their  former  condition  would  require,  not  only  the  collection  of  the 
refuse  of  the  factories,  but  the  intercepting  of  all  the  sewers  of  the 
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system  emptying  thereinto,  and  principally  the  creation  of  a  flow  in  the 
terminal  canals  and  in  the  sluggish  stream  itself  by  artificial  means,  by 
the  constant  introduction  of  a  body  of  purer  water  to  assist  in  the  puri- 
fication by  dilution.  Hence,  the  size  and  grade  of  the  unfinished  part 
of  this  intercepting  sewer,  as  well  as  its  location,  was  changed,  so  as  to 
keep  it  entirely  below  the  surface  of  the  canals,  by  extending  it  so 
as  to  reach  every  sewer  outlet  on  each  side  of  said  valley.  The 
amended  plan  provided  for  submerged  connections  with  the  upper  end 
of  each  terminal  canal,  and  also  at  intermediate  points,  so  that  by  using 
the  excess  capacity  of  the  intercepting  sewers  to  remove  the  stagnation 
of  the  canals,  purer  water  would  follow,  which  again  would  aid  in  di- 
luting the  crude  sewage  in  the  sewer  on  its  way  to  the  lake,  thus  con- 
stantly increasing  the  dilution  and  assisting  Nature  in  the  performance 
of  its  restorative  functions.  This  natural,  healthy  and  universal  pro- 
cess of  purification  of  all  decaying  matter  is  continuously  and  uninter- 
ruptedly going  on  everywhere  in  life,  either  in  the  air,  water  or  in  the 
earth,  so  long  as  stagnation  is  not  permitted  to  clog  the  process,  and 
the  healthy  life  germs,  whatever  form  they  may  take,  predominate  in 
sufficient  proportions.  Herein  undoubtedly  lies  the  solution  for  the 
abatement  of  all  nuisances  from  whatever  source  they  may  originate, 
or  for  the  destruction  of  all  disease  germs.  Nature  has  amply  pro- 
vided for  the  performance  of  this  function  everywhere,  excepting  where 
man  has  interfered  therewith  by  accumulation  or  by  a  neglect  of 
natural  laws.  To  avoid  and  escape  the  results  which  quickly  follow 
and  augment  upon  such  interference,  man  must  assist  in  restoring  such 
natural  process,  and,  if  caused  by  accumulation,  must,  by  a  proper 
redistribution  or  dilution,  sufficiently  re-establish  the  conditions  neces- 
sary to  the  resumption  of  the  jjrocess  of  purification;  generally  this 
may  be  successfully  accomplished  by  artificial  means,  providing  the 
proj^er  conditions  are  maintained.  Wherever  the  artificial  process  of 
purification  has  failed,  it  has  generally  been  due  to  the  fact  of  not 
understanding  or  of  not  maintaining  the  proper  distribution  of  decay- 
ing matter,  either  in  irrigation,  filtration  or  dilution,  or  in  not  following 
the  laws  of  Nature. 

With  this  apparent  fact  in  view,  the  uncompleted  part  of  the  inter- 
cepting sewer  for  the  Menomonee  valley  was  enlarged  generally  to  the 
dimensions  of  the  completed  part,  which  was  of  5  ft.  4  ins.  internal  diam- 
eter, although  7  ft.  diameter  would  have  been  a  more  suitable  size,  and 
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in  accordance  with  this  amended  plan  the  work  has  been  completed. 
The  first  section  of  this  sewer  was  constructed  almost  entirely  of  8-in. 
timber  beveled,  to  assume  the  cylindrical  form;  all  subsequent  work, 
Tiowever,  was  constructed  of  brick.  There  are  two  river  crossings  con- 
sisting of  wrought-iron  inverted  siphons.  The  first,  near  the  outlet, 
-carrying  the  sewage  across  the  Milwaukee  River  to  the  pump  well,  was 
laid  in  |L884,  is  50  ins.  in  diameter  and  520  ft.  in  length,  and  laid26i  ft. 
"below  the  river  surface,  connecting  steel  and  brick-lined  shafts  on  each 
side  of  the  river.  The  second  was  laid  in  1888,  and  crosses  the  North 
Menomonee  Channel  at  a  depth  of  24  ft.  below  the  water  surface;  is  40 
ins.  in  diameter  and  200  ft.  in  length.  This  siphon  has  unequal 
ascending  arms,  forms  several  slight  angles  in  its  crossing  so  as  to 
avoid  a  bridge  pier,  and  at  its  upper  end  has  a  submerged  connection 
with  the  channel,  for  the  purpose  of  flushing  out  the  siphon  and 
overcoming  the  stagnation  of  said  channel. 

Ninety  miles  of  sewers  now  discharge  their  sewage  into  this  inter- 
ceptor through  12  connections.  These  connections  are  so  constructed 
as  to  permit  the  dry  weather  flow,  or  sewage  proper,  to  flow 
through  an  opening  into  the  intercepting  sewer  below,  over  which  the 
storm  water  is  carried  towards  the  outlet  of  the  sewer  into  the  streams 
by  virtue  of  the  increase  of  velocity  due  to  such  increased  volume. 
This  style  of  connection,  which  needs  no  attention  or  mechanism  to 
regulate  the  flow  of  the  sewage,  can  be  easily  constructed  to  perform 
its  duty  accurately.  Plate  I  shows  a  section  of  the  first  of  these  con- 
nections, constructed  in  1887,  Avhich  has  required  no  attention  since, 
though  it  has  been  frequently  examined  as  to  its  operation. 

The  submerged  connections  with  the  canals  are  each  controlled  by 
a  valve,  so  as  to  regulate  the  flow  from  these  canals,  both  as  to  volume 
and  location,  always  utilizing  the  intercepting  sewer  to  its  greatest 
capacity  by  keeping  the  water  in  the  pump  well  at  the  lowest  possible 
level  at  which  the  pump  will  take  suction.  The  pump,  which  is  of 
the  centrifugal  type,  is  located  on  the  narrow  neck  of  land  south  of 
the  harbor,  and  is  situated  between  the  lake  and  the  Milwaukee  River. 
Plate  U,  which  is  a  sectional  view  on  an  east  and  west  line,  shows 
the  pump  well,  jjump,  engine  and  discharge  into  the  lake.  The  aver- 
age lift  during  the  low-lake  level  for  the  past  six  years  has  been  15  ft., 
with  an  average  discharge  of  about  39  000  galls,  per  minute. 

This  pumping  engine,  which  was  designed  by  Mr.  Edwin  Reynolds 
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and  built  by  the  E.  P.  Allis  Comijany,  of  Milwaukee,  has  a  capacity 
of  70  000  000  U.  S.  galls,  per  24  hours,  with  a  lift  of  18  ft.,  and 
is  a  horizontal  tandem  compound  engine  with  a  24-in.  diameter  high- 
pressure  and  a  43-iu.  diameter  low-pressure  cylinder  and  48-in.  stroke. 
The  cylinders  are  steam-jacketed  and  fitted  with  Reynolds-Corliss 
valve  gear.  The  main  shaft  of  the  engine  is  vertical,  having  the  pump 
attached  to  the  lower  end,  with  the  crank  and  fly-wheel  moving  in  a 
horizontal  plane.  The  pump  disc  is  12  ft.  in  diameter,  with  openings 
between  the  blades  of  sufficient  size  to  jjass  readily  ordinary- sized 
objects  contained  in  sewage,  and  moves  at  a  speed  of  from  65  to  70 
revolutions  jyer  minute.  The  sewage  is  sucked  from  below  and  dis- 
charged from  the  rim  of  the  pump  disc  through  a  circular  easing  into 
a  6-ft.  diameter  brick  conduit,  discharging  over  a  weir  into  the  lake. 
The  suction  well  is  ijrovided  with  a  gate,  so  that  any  jaart  of  the  pump 
may  be  reached.  Steam  is  supplied,  at  a  pressure  of  55  lbs.,  from  three 
horizontal  tubular  boilers,  each  60  ins.  diameter  by  16  ft.  long,  con- 
taining 54  4-in.  tubes,  with  an  additional  boiler  always  in  reserve. 

This  jiump  was  started  on  August  1st,  1885,  and  has  been  oj^erated 
continuously  since,  with  the  excejjtion  of  a  few  "weeks  each  sj^ring, 
when  it  has  undergone  a  thorough  examination.  The  average  annual 
duty  developed  by  it  has  never  been  below  58  000  000  foot-pounds  per 
100  lbs.  of  coal  consumed  in  the  boiler  furnaces,  without  any  deduc- 
tions of  any  kind,  even  for  the  heating  or  electric  lighting. 

The  56  000  000  galls,  pumped  each  day,  of  Avhich  about  18^  is 
sewage  and  refuse  from  j^acking-houses  and  other  establishments  in 
the  valley  which  are  all  directly  connected  with  this  sewer,  and  the 
other  829j^  of  which  is  river  water,  are  discharged  with  considerable 
velocity  out  into  the  lake.  With  the  exception  of  a  very  few  days  in  the 
year,  this  discharge  is  carried  off  to  the  south  with  the  lake  current, 
which  along  the  Avest  shore  of  the  lake  is  uniformly  to  the  south,  un- 
less counteracted  on  the  surface  by  a  strong  south  wind  or  interfered 
Avith  by  a  severe  storm  on  the  lake.  The  line  of  sewage  current  is 
well  defined  by  its  dark-brown  color,  which  gradually,  however,  be- 
comes lighter  towards  South  Point,  and  at  a  distance  of  6  miles  from 
the  works  entirely  disappears. 

The  result  in  the  valley  has  been  that,  naturally,  the  discharge  of 
seAvage  and  ofiensive  refuse  into  the  canals  and  stream  in  the  Menomo- 
nee  valley,  within  the  city  limits,  has  ceased.     This  in  itself,  however. 
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did  not  improve  matters  in  these  canals,  for  although  much  dredging 
was  done  from  year  to  year,  yet  the  almost  liquid  sludge,  which  had 
accumulated  for  over  20  years,  largely  remained  on  the  bottom,  and 
merely  required  the  raising  of  the  temperature  of  the  nearly  stagnant 
water  during  the  summer  season  to  cause  the  development  of  gases, 
which,  being  absorbed  by  the  water  to  saturation,  and  coloring  it 
nearly  black,  then  became  perceptible  and  very  offensive.  By  utiliz- 
ing the  excess  capacity  of  the  intercepting  sewer  in  drawing  water 
out  of  the  upper  ends  of  these  canals,  particularly  since  a  suj)- 
ply  of  clearer  cold  lake  water  in  the  Milwaukee  Eiver  through  the 
flushing  works  has  been  brought  to  the  mouth  of  the  Menomonee 
valley,  a  gradual  change  is  brought  about.  The  water  drawn  out  of 
each  canal  is  replaced  by  cooler,  clearer  water,  which  checks  the 
formation  of  gases,  creates  a  slight  current,  and  dilutes  the  sewage 
until  the  same  becomes  clear  or  nearly  so  ;  and  the  canal  waters  that 
formerly  were  in  hot  weather  a  living  mass  of  ijutrefaction  became 
clear  and  clean  enough  to  be  used  in  steam  boilers  and  to  induce 
peoj)le  to  bathe  therein.  The  excess  caj^acity  of  the  sewer,  however, 
not  being  large  enough  to  permit  the  drawing  of  the  water  from  all  the 
canals  simultaneously,  the  connections  are  opened  successively,  as  the 
conditions  require.  All  the  canals  are  thus  kept  in  a  very  fair  and 
good  condition,  excepting,  however,  the  westerly  end  of  the  north 
canal,  which  receives  the  waters  of  the  river  from  beyond  the  city 
limits,  where  they  are  jaolluted  by  the  sewage  and  factory  discharge 
of  numerous  institutions  along  its  banks. 

While  this  Avork  in  the  Menomonee  valley  was  being  gradually 
extended  as  rajjidly  as  the  funds  would  permit,  the  Milwaukee  River 
gradually  became  more  and  more  offensive,  until,  in  1887,  it  was  per- 
haps as  black,  foul  and  offensive  as  any  stream  in  the  country.  As  a 
relief,  intercepting  sewers  along  each  bank  of  the  river  were  generally 
demanded,  notwithstanding  the  finances  of  the  city  and  the  constitu- 
tional bond  limitation  made  it  jiractically  impossible  to  carry  out  such 
thorough  and  permanent  work,  excepting  through  a  long  number  of 
years,  and  without  any  possibility  of  relief  until  the  entire  work  was 
completed.  In  December,  1887,  a  commission  of  engineers,  consisting 
of  T.  J.  Whitman,  J.  P.  Davis  and  Henry  Flad,  Members  of  the  Ameri- 
can Society  of  Civil  Engineers,  was  appointed  to  assist  in  devising 
plans,  with  estimates  of  costs,  for  the  construction  of  works  for  the 
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collection  and  final  disposal  of  the  S3wage  of  the  city  and  for  the 
supply  of  a  sufficient  quantity  of  pure  water  for  the  city.  This  com- 
mission submitted  its  most  complete  and  comprehensive  report  on  May 
21st,  1889. 

Believing,  however,  that  a  speedy  and  prompt  relief  had  become  ab- 
solutely necessary,  the  writer  recommended  the  construction  of  a  large 
tunnel  from  the  lake  to  the  river  at  a  point  just  below  the  dam,  and  the 
forcing  of  a  volume  of  water  through  such  tunnel  sufficient  to  displace 
the  entire  volume  of  water  in  the  river  from  the  dam  to  its  mouth  each 
24  hours,  thus  insuring  a  dilution  of  the  sewage  discharged  into  the 
river  through  47  different  sewers,  sufficient  to  promote  the  natural 
process  of  purification,  and  to  prevent  the  fouling  of  the  waters  or 
the  formation  of  gases  from  the  sludge  on  the  bottom,  and  also  to 
assist  the  work  of  improving  the  canals  in  the  Menomonee  valley. 
Notwithstanding  a  continuous  and  general  opposition  by  almost  every 
citizen  and  paper  in  the  city,  this  work  was  finally  authorized.  It 
was  contracted  for  December  8th,  1887,  and  completed  sufficiently  to 
allow  the  first  flow  of  water  to  be  forced  through  the  tunnel  into  the 
river  on  the  14th  day  of  September  following,  or  within  less  than  nine 
months  after  it  was  started. 

The  sewage  and  factory  liquids  emptied  into  the  Milwaukee  River 
were  estimated  at  about  10  000  000  to  13  000  000  galls,  daily,  which,  to- 
gether with  the  gases  continuously  bubbling  up  from  the  river  bottom 
during  warm  weather,  did  not  take  long  each  spring,  and  again  within 
few  days  after  each  heavy  rain,  to  make  the  sluggish  stream  a  de- 
testable nuisance.  Finding,  upon  examination,  a  deposit  of  from  18  to 
24  ins.  of  semi-li  luid  sludge  all  along  the  bottom  of  the  river,  and  re- 
producing by  experiment  on  a  small  scale  the  formation  of  gases  from 
some  of  this  sludge  and  their  result  upon  the  water,  and  ascertaining 
that  a  temperature  of  69  to  71°  was  necessary  to  their  development 
and  that  a  dilution  of  the  sewage  with  25  to  30  times  its  volume  of 
clear  water  was  sufficient  to  prevent  it  from  becoming  noticeable, 
that  proportion  of  clear,  cold  lake  water  to  the  sewage  discharge  was 
determined  upon  as  the  amount  necessary  to  produce  a  speedy  and 
prompt  abatement  of  the  river  nuisance.  The  shortest  distance  from 
the  lake  shore  to  the  river  immediately  below  the  dam  being  about 
2  500  ft.,  and  not  desiring  to  produce  a  head  of  more  than  about  2  ft., 
the  diameter  of  the  tunnel  was  fixed  at  12  ft. .  and  the  line  located  from 
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a  point  on  the  lake  sliore  Avithin  and  near  the  upper  end  of  the  harbor 
of  refuge  where  the  sand  accretions  had  formed  a  beach,  to  a  point 
within  200  ft.  of  the  Milwaukee  River  just  below  the  dam.  From  this 
point  the  tunnel  was  curved  so  as  to  apj^roach  a  line  more  nearly 
parallel  to  the  river,  with  the  view  of  discharging  the  water  into  the 
stream  at  an  angle  that  would  not  tend  to  retard  unnecessarily  the 
velocity  of  flow.  The  grade  of  the  tunnel  was  made  level  and  at  such 
depth  that  the  crown  would  be  2  ft.  below  city  datum  or  supposed 
low  water.  At  the  lake  end  under  the  sand  beach,  another  curve  was 
made  in  the  tunnel,  to  permit  the  placing  of  the  pumping  engine  out- 
side, but  in  direct  line  of  the  main  tunnel,  and  to  enable  the  taking  of 
the  supply  from  the  harbor  in  a  southerly  and  protected  direction.  A 
12-ft.  diameter  wedge  gate  was  placed  in  the  tunnel  each  side  of  the 
pump  chamber,  and  another  having  in  its  center  a  3-ft.  diameter  aux- 
iliary gate  was  placed  near  the  outlet  at  the  I'iver,  so  as  to  permit  the 
pumping  out  at  any  time  of  either  the  tunnel  or  pump  chamber.  The 
tunnel  is  a  circle  in  section  and  encased  with  four  rings  or  18  ins.  of 
brickwork.  The  outlet  is  constructed  of  stone  through  an  offset  in 
the  dock  having  its  face  down  stream.  The  inlet  consists  of  two 
parallel  piers  made  of  a  single  row  of  piles  4  ft.  apart  between  centers, 
backed  on  the  outside  with  a  double  row  of  3-in.  pine  sheath  planking 
screw-bolted  to  a  12-in.  cap  timber  fastened  to  the  top  of  the  piles. 
These  piers  extend  out  for  a  distance  of  610  ft.  from  the  beach  into  10' 
ft.  depth  of  water,  and  are  jjlaced  110  ft.  apart,  so  as  to  reduce  the 
velocity  of  the  current  between  them,  and  toward  the  jjump,  sufficiently 
to  prevent  the  moving  of  sand  on  the  bottom  of  this  channel,  which 
was  dredged  to  a  uniform  depth  of  9  ft.  Across  the  inner  end  of  this 
channel  near  the  beach  line,  a  timber  step  resting  upon  piles  and  2  ft. 
above  the  bottom  of  this  channel  was  constructed  as  a  further  barrier 
against  any  moving  sand  entering  the  tunnel.  This  stejj  also  supports 
the  1-in.  round  iron  bar  grating  across  the  channel,  and  forms  the 
covered  inlet  proper,  which  is  65  ft.  in  width  and  converges  in  a  dis- 
tance of  26  ft.  to  a  section  of  14  ft.  in  width  and  9  ft.  in  height.  This 
section  is  retained  for  a  distance  of  130  ft. ,  where  it  assumes  a  cir- 
cular form  and  connects  with  the  brick  tunnel  10  ft.  from  the  first 
gate.  The  rectangular  conduit  is  constructed  of  timber  and  piling 
lined  on  all  interior  sides  with  2  and  3-in.  matched  flooring.  The 
screw  pumping  engine,  which  was  designed  by  Mr.  Edwin  Reynolds  to 
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meet  tlie  requirements  of  the  siiecifications,  was  built  bj  tlie  E.  P. 
Allis  ComiJany,  and  stands  within  a  wrouglit-iron  caisson  16^  x  26  ft. 
area,  and  11^  ft.  below  city  datum,  on  a  concrete  and  solid  stone 
foundation  8  ft.  in  depth,  with  the  wheel  shaft  in  direct  line  with 
the  center  of  the  main  tunnel,  driving  the  pump  wheel  at  its  end,  as 
shown  on  the  section  on  Plate  III. 

The  engine  is  of  the  vertical  steejale  compound  type  with  the  high- 
pressure  cylinder  19  ins. ,  and  the  low  pressure  cylinder  38  ins.  in  dia- 
meter with  a  48-in.  stroke.  The  cylinders  are  steam- jacketed,  the 
cylinder  heads  forming  the  valve  chests,  thus  jacketing  them  with 
steam  at  the  initial  pressure  for  each  cylinder.  They  are  fitted  with 
the  Reynolds-Corliss  valve  gear  with  adjustable  cut-ofifs  for  each 
cylinder.  The  shaft  is  provided  with  a  water  stufiing-box,  and  is  fitted 
with  a  thrust-bearing  and  out-board  bearing  not  unlike  those  of  marine 
engines.  The  pump  wheel  is  14  ft.  in  diameter  (the  tunnel  being  en- 
larged at  this  point)  with  a  cone-shaped  hub  6  ft.  in  diameter.  The 
wheel  is  a  true  screw  and  has  a  pitch  of  8  ft.  Beyond  the  wheel  is  the 
out-board  bearing,  this  being  supported  by  radial  arms  which  are 
utilized  as  guide  blades  for  converting  the  rotary  motion  imparted  by 
the  wheel  to  the  water  into  a  motion  parallel  to  the  axis  of  the 
ttmnel. 

Steam  is  supplied  at  a  pressure  of  100  lbs.  by  three  horizontal 
tubular  boilers,  with  one  boiler  in  reserve.  They  are  each  54  ins.  in 
diameter  by  16  ft.  long,  and  contain  34  4-in.  tubes.  The  engine  and 
boilers  are  housed  in  a  neat  brick  building.  Annexed  to  the  main 
building  is  a  brick  coal  shed  and  tool  room  and  a  circular  brick  smoke- 
stack of  126  ft.  in  height,  having  an  interior  diameter  of  4  ft.  4  ins. 
throughout. 

The  work  on  the  tunnel  was  commenced  on  December  20th,  and 
proceeded  with  fail*  speed  at  an  average  depth  of  about  95  ft.  beneath 
the  surface,  partly  under  the  center  of  a  street  and  partly  beneath 
private  grounds  and  residences;  It  passed  generally  through  a  clay 
and  hard-pan  formation,  with  the  exception  of  about  600  ft.  in  length 
where  it  i)enetrated  a  body  of  running  sand  and  quicksand,  and  where 
progress  was  necessarily  quite  difficult  and  slow. 

The  work  was  divided  into  six  contracts,  viz. :  the  outlet,  tunnel, 
inlet,  pumping  engine  and  boilers,  foundations  therefor  and  the  build- 
ings; and  was  prosecuted  with  such  energy  as  to  complete  the  entire 
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work,  with  the  exception  of  the  buildings,  so  as  to  permit  its  being 
operated  within  less  than  nine  months  from  the  day  work  was  com- 
menced. The  tunnel  was  filled  about  noon  of  September  14th,  and 
the  machinery  started.  Up  to  the  last  moment  the  general  opposition 
to  the  work  had  continued,  and  failure  was  predicted;  but  although  the 
current  in  the  river  at  the  time  of  the  starting  of  the  pump  haj^pened 
to  be  slightly  uj)  stream,  and  its  waters  black,  warm  and  foul,  yet 
within  14  minutes  the  current  in  the  river  was  reversed,  and  the  clear, 
colder  lake  water  seemed  to  jjush  out  the  warm  water  in  an  almost 
solid  body.  Observations  of  the  temperature  of  the  water  taken  daily 
at  a  depth  of  5  and  10  ft.  below  the  surface  and  at  the  bottom  of  the 
river,  at  State  Street,  East  Water  Street  and  the  Menomonee  Bridges, 
from  June  20th  on  through  the  season,  showed  that  at  East  Water 
Street  Bridge,  the  one  nearest  to  the  harbor,  the  water  was  from  1  to 
1^°  warmer  at  the  5-ft.  depth  than  it  was  nearer  the  bottom,  while  at 
the  other  bridges  there  was  no  difference  at  any  depth,  and  also  that 
the  water  at  the  upper  bridges  was  uniformly  from  1^  to  2^  warmer 
than  it  was  at  East  Water  Street.  These  observations  were  taken 
between  8  and  9.30  a.  m.  each  day,  and  the  average  temperature  at 
State  Street  Bridge  for  the  month  of  June  was  73.6";  for  July,  73.4-; 
for  August,  72.1-,  and  for  the  first  half  of  September,  69.6^,  the  maximum 
being  76P  and  the  minimum  67^,  the  temperature  of  the  water  exceed- 
ing that  of  the  air  from  6  to  9^  at  that  time  of  the  morning,  during  the 
months  above  mentioned,  in  all  but  two  instances.  The  color  of  the 
water  was  generally  black  and  the  odor  very  strong  and  offensive. 
Within  20  hours  after  starting  the  pump,  the  river  assumed  a  color 
and  transparency  it  had  not  known  for  many  years,  and  the  tempera- 
ture of  the  water  dropped  on  the  following  day  to  60-  and  on  the  next 
days,  respectively,  to  58,  55,  52  and  47-,  the  average  for  the  latter  half 
of  September  being  53.9-.  At  the  bridge  across  the  Menomonee  River 
a  similar  change  was  observed,  excepting  that  the  temjjerature  was  2 
higher,  consequently  the  canals  in  the  Menomonee  valley  were  also 
being  directly  benefited,  in  having  the  suiiply  of  cold  and  clearer 
water  brought  at  least  1  mile  nearer,  and  without  having  first  to  over- 
come the  natural  flow  from  the  Milwaukee  River.  Fermentation  or 
the  forming  of  gases  along  the  river  bottoms  was  at  once  checked  and 
permanently  stopped,  excej^ting  within  a  slip  alongside  of  the  upper 
Milwaukee  River  which  received  the  discharge  from  two  large  sewers 
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and  from  a  number  of  tanneries  and  large  breweries,  but  which  slip  is 
since  being  flushed  out  by  water  drawn  from  the  river  above  the  dam. 
The  condition  of  the  river  improved  continuously  until  at  times  the 
water  has  been  as  clear,  blue  and  transparent  as  in  midlake,  fish  have 
again  made  their  appearance,  and  fishing  near  the  upper  end  has  be- 
come a  regular  pastime. 

The  entire  cost  of  this  work,  including  right  of  way,  etc.,  has  not 
exceeded  $223  000,  or  less  than  one  year's  interest  of  the  cost  of  a  com- 
plete intercepting  sewerage  system,  while  the  entire  annual  operating 
expenses  have  never  exceeded  $25  000. 

The  result  of  this  work  has  been  most  satisfactory  in  completely 
abating  the  Milwaukee  River  nuisance.  The  dilution  of  the  sewage 
is  so  great  that  where  the  river  water,  discharged  through  its 
natural  outlet  into  the  lake,  was  formerly  distinctly  noticeable  for 
many  miles,  and  sharply  defined  from  the  lake  water  by  its  color  and 
odor,  now,  excepting  in  times  of  the  clay-colored  flood  water,  no  very 
great  difference  in  color  is  perceptible.  The  same  is  true,  although 
to  a  much  less  degree,  with  the  effluent  from  the  sewage  pumping  works, 
which,  as  heretofore  stated,  takes  its  course  to  the  south.  The  new 
water  works  intake,  now  under  construction,  will,  when  completed, 
bring  in  the  supply  from  a  depth  of  60  ft.  in  the  lake  at  a  point  Ij 
miles  further  out  than  the  present  intake,  and  still  further  remove  all 
probability  of  even  a  chance  contamination  of  the  water  supply  from 
this  source  for  a  great  many  years  to  come,  excepting  as  such  may 
occur  from  some  other  source. 

The  pumping  engine  which  has  been  and  is  performing  its  work 
with  marvelous  ease  has  never  given  even  the  least  trouble.  It  runs 
continuously  from  some  time  in  April,  when  the  works  are  started,  to 
the  end  of  the  year,  when  they  are  shut  down  for  the  winter,  and  de- 
velops constantly  throughout  the  year  a  duty  in  excess  of  the  70  000  000 
foot-pounds  which  were  required  by  the  specifications.  Within  six 
weeks  after  the  pump  was  started,  a  series  of  tests  was  commenced  to 
determine  the  volume  of  water  which  the  pump  was  forcing  through 
the  tunnel. 

The  outlet  cf  the  tunnel  being  entirely  submerged,  it  became  im- 
possible to  determine  with  any  accuracy  the  velocity  of  flow  in  it 
by  floats  of  any  specific  gravity.  Either  they  would  not  become  im- 
mediately visible  at  the  outlet,  or,  if  they  did,  they  had  been  retarded 
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by  contact  with  tlie  arch,  which  facts  became  quite  noticeable  when  a 
large  number  of  different  floats  were  used  at  one  time.  Eosine  as  a 
coloring  matter  was  therefore  used.  There  being  a  shaft  over  the 
center  of  the  tunnel  5  ft.  beyond  the  wheel,  2  ounces  of  red  eosine, 
dissolved  in  1  quart  of  water,  was  suddenly  discharged  at  the  center 
of  the  tunnel  in  this  shaft  and  the  time  between  its  discharge  and  its 
appearance  at  the  outlet  noted,  and  the  exact  distance  between  the  two 
points  being  known,  the  velocity  was  easily  arrived  at.  The  color  was 
readily  perceptible  at  the  outlet,  and  was  never  distributed  over  a 
length  of  more  than  7  to  9  ft. ,  being  about  ^  of  1  °o  of  ^^^  length  of 
the  tunnel,  the  center  of  which  was  taken  as  the  point  observed.  The 
compactness  of  the  coloring  matter  showed  that  the  velocity  was  prac- 
tically uniform  at  all  points  in  the  cross-section  of  the  tunnel,  which 
again  in  itself  was  very  uniform  throughout  the  entire  length  of  the 
tunnel,  as  was  shown  from  measurements  taken  at  the  time  of  its  con- 
struction, immediately  after  its  completion,  and  again  in  the  following 
spring  before  the  works  were  started,  when  the  tunnel  was  emptied 
for  the  purpose  of  examination.  The  bricks  which  had  been  used  for 
the  interior  were  quite  smooth,  the  joints  were  generally  quite  well 
pointed,  and  there  were  no  obstructions  to  the  flow,  excepting  a  4  x  6- 
in.  block  18  ins.  long,  which  had  been  overlooked  and  was  found 
spiked  to  the  brickwork  at  about  the  springing  line.  The  first  sets 
of  observations  were  made  with  watches  at  each  end,  which  had  been 
carefully  compared  immediately  before  and  after  the  tests,  and  by 
changing  the  observers  so  as  to  eliminate  any  difference  due  to 
personal  error  in  observations,  which  in  some  cases  was  found  to 
amount  to  from  2  to  5  seconds.  The  readings  of  the  engine-counter 
were  also  noted  immediately  before  and  after  each  observation,  in 
order  to  determine  the  average  number  of  revolutions  per  minute  dur- 
ing the  time  of  each  test,  and  also  the  total  number  of  revolutions 
during  such  tests,  oi%  in  other  words,  the  number  of  revolutions  it 
required  to  displace  the  total  volume  of  the  tunnel  between  the  points 
of  observation.  This  total  volume,  being  known,  gave  the  average 
volume  of  water  displaced  jjer  each  revolution  during  such  test.  Dur- 
ing the  tests  taken  in  this  manner,  which  covered  several  days,  the 
speed  of  the  engine  was  varied  for  each  double  set  of  observations 
from  25  to  58.4  revolutions  per  minute. 

In  order  to  insure  greater  accuracy  in  these  observations  a  telegraph 
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line  -witli  a  key  and  bell  at  each  end  was  run  between  the  two  points, 
and  both  observations  of  each  test  noted  at  each  end  of  the  line  by 
stop  watches,  which  were  started  the  instant  of  the  discharge  of  the 
eosine  and  stopped  the  instant  of  its  appearance  at  the  outlet.  These 
observations  of  time  taken  at  each  end  showed  very  little  variation. 

On  December  1st  and  2d,  1888,  the  24-hour  official  duty  and  capa- 
city test  was  made,  during  which  time  nine  complete  observations  as  to 
velocity  of  flow  were  made.  There  being  another  shaft  over  the  center 
of  the  tunnel  within  30  ft.  of  the  outlet,  the  height  of  water  in  each 
of  these  shafts  was  very  carefully  noted  at  the  beginning  and  close  of 
each  separate  velocity  test.  The  data  of  this  trial  run  are  hereto  at- 
tached ;  also,  the  results  of  the  velocity  observations. 
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Time   of  paw   through  lufgfst 


After  the  completion  of  the  24-hour  run,  during  which  time  the 
speed  of  the  engine  did  not  at  any  time  vary  over  S%,  the  speed  was 
increased  to  over  59,  and  then  again  reduced  to  about  25,  revolutions 
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per  minute,  velocity  tests  being  again  made  at  tlie  different  inter- 
mediate speeds,  the  results  clearly  showing  that  each  revolution  of  the 
wheel  rei^resents  a  displacement  of  795.05  cu.  ft.,  irrespective  almost 
of  what  the  sjjeed  or  the  head  jjumped  against  might  be. 

The  fact  is  also  clearly  shown  by  the  diagram.  Fig.  2,  showing  in 
the  carve  the  uniform  average  displacement  of  795.54  cu  .ft.  for  any 
speed  from  25  to  60  revolutions  per  minute,  and  the  observations  of  each 
day  of  the  average  revolutions  and  time  of  flow  through  the  tunnel 
plotted  thereon. 

The  data  of  December  1st  and  2d  are,  perhaps,  the  more  accurate, 
the  observations  having  been  made  with  the  aid  of  the  wire.  To  deter- 
mine the  total  lift  of  the  pump,  the  elevation  of  the  water  on  each  side  of 
the  wheel  was  carefully  noted  and  found  to  have  been  3.049  ft.  The 
temperature  of  the  water  was  uniformly  39^,  and  the  weight  at  that  tem- 
perature was  assumed  to  be  62. 424  lbs.  per  cubic  foot.  During  the  trial 
the  total  number  of  revolutions  were  74  658,  or  an  average  of  51.8458  per 
minute,  and  the  total  amount  of  coal  used  was  14  750  lbs.,  hence  the 
duty  developed  was  75  944  037  foot-pounds  jjer  100  lbs.  of  coal  con- 
sumed without  deductions  of  any  kind,  and  the  volume  displaced  dur- 
ing the  24  hours  equal  to  58  854  395  cu.  ft.,  or  440  220  867  U.  S. 
galls.,  which  is  about  the  average  daily  work  this  engine  has  been 
jjerforming  during  its  regular  run  for  nearly  nine  months  in  the  year. 
At  a  speed  of  59  revolutions  per  minute,  this  i:)ump  displaces 
500  966  605  U.  S.  galls,  per  24  hours,  which  is  believed  to  be  the 
largest  quantity  of  water  handled  by  any  single  machine  in  the 
world. 

The  above  duty  has  since  been  exceeded,  for,  at  the  time  the  above 
test  run  -was  made,  the  engine  and  boilers  had  not  been  entirely 
enclosed  by  a  j^ermanent  building.  The  average  duty  developed  during 
last  year's  run  was  74  654  440  foot-pounds,  without  any  deductions  for 
steam  used  for  heating  or  for  operating  a  25-light  electric  dynamo. 
This  also  is  believed  to  be  the  highest  duty  developed  by  any  style  of 
wheel  jDumiiing  engine  yet  made. 

Interesting,  in  connection  with  the  data  collected  during  and  after 
the  test  run,  is  the  fact  that  the  value  of  the  coefficient  in  the  formula 
I'  =  c  yri  for  tunnel  or  conduits  of  12  ft.  diameter  for  velocities  from 
5  to  7  ft.  per  second  is  found  to  be  from  122.7  to  128.3,  Avith  an  average 
of  124.9  for  these  velocities. 
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Data  of  Officiaij  Trial  of  December  1st-2d,  1888. 

Diiration  of  trial 24  hours. 

Average  steam  pressure  by  gauge 102  lbs. 

Average  vacuum  pressure  by  gauge 26  ins. 

Total  revolutions  of  engine 74  658 

Average     revolutions     of     engine      jjer 

minute 51.8458 

Piston  speed,  per  minute 414.76  ft. 

Average  indicated  H.  P 325.47 

Total  coal  (anthracite)  fired  to  furnace . .  14  750  lbs. 

Total  ash  and  clinker 1  810    " 

Square  feet  of  grate  area  in  use 56. 25 

Square  feet  of  heating  surface  in  use ....  2  025 

Total  water  fed  to  boilers 109  890  lbs. 

Temperature  of  feed  water 120.62^ 

Temperature  of  water  pumped 39^ 

Weight  per  cubic  foot  of  water  pumped..  62.424  lbs. 

Total  lift  of  water  pumped 3.049  ft. 

Cubic  feet  of  water  pumped  per  revolu- 
tion   788.32 

Cubic  feet  of  water  pumped  per  minute. .  40  871. 1 
Cubic  feet  of  water  pumped  diiring  trial. .    58  854  395. 
Duty  develojjed,  jjer  100  lbs.  of  coal  ac- 
tually fired 75  944  037. 

Data  of  Capacity  Tests  and  Observations. 

Length  of  tunnel  between  points  of  obser- 
vation    2  534  ft. 

Length  of  tunnel  between  center  of  shafts.  2  504  " 

Sectional  area  of  tunnel  per  foot 113.09  cu.  ft. 

Total   capacity  of    tunnel   between   above 

points 286  570 
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Date  of  tests. 

1 
o 
d 

a>  09 

§5.9 

«  ?  a 

£■«  p. 

o 

g  OS 

.5  P-i 
S  o  « 

L.  ^  a 

m 

o 

a-3 
.-<  >■ 

Actual  velocity 

in  feet  per 

second. 

Cubic  feet  water 
displaced  per 
revolution. 

1888. 

November  14 

1 

42.44 

8'   28'  ■ 

359.32 

4.988 

797.53 

"         

2 

42.60 

8'   12' 

349.32 

5.150 

820  36 

" 

3 

47.29 

7'   29" 

353.89 

5.640 

809.77 

" 

4 

47.29 

7'   31" 

355.46 

5.618 

806.19 

"         

5 

50.71 

6'  56- ' 

351.59 

6.091 

815.07 

<'         

6 

50.33 

7'   02-  • 

353.99 

6.005 

809.54 

•  <         

7 

55.00 

6'   25" 

352.92 

6.582 

812.00 

"          

8 

54.60 

6'    29'  ■ 

353.99 

6.514 

809.54 

"         

9 

58.20 

6'    14'  ' 

362.78 

6.775 

789.93 

•■         

10 

58.60 

6'   8" 

359.41 

6.886 

797.33 

November  18 

1 

25  00 

14'  55' ' 

372.92 

2.831 

768.45 

•  '         

2 

25.61 

14'  34  " 

373.05 

2.899 

768.19 

"          

3 

41.78 

8'   31" 

357.92 

4.930 

800.65 

"         

4 

42.44 

8'  27" 

358.62 

4.998 

799.09 

"         

5 

60.33 

5'    54" 

355.95 

7.158 

805.09 

"         

6 

60.16 

1.'   53  " 

353.96 

7.178 

809.61 

November  23 

1 

50.57 

7'    U  ' 

363.26 

5.879 

788.88 

"         

2 

51.17 

7'   5" 

362.45 

5.962 

790.64 

"         

3 

51.29 

7'   7" 

365.01 

5.934 

785.10 

"         

4 

lost. 

'«         

5 

51.85 

6-   56  " 

359.49 

6.091 

797.16 

"         

6 

52.00 

7'   3" 

366.60 

5.990 

781.70 

"         

7 

lost. 

"         

8 

51.62 

7'   2" 

363.06 

6.005 

789.31 

December   1 

1 

53.11 

6'   53  " 

365.57 

6.136 

783.90 

"         

2 

52.00 

6'   58  " 

362.27 

6.062 

791.04 

"         

3 

51.71 

7'   5i" 

366.49 

5.959 

781.93 

" 

4 

52.67 

6-    fi5i" 

364.52 

6.102 

786.16 

"         

5 

52.57 

6'   48i" 

356.38 

6.229 

804.11 

"         

6 

52.80 

6'   65f' 

365.86 

6.095 

783.28 

December   2 

1 

52.16 

6'   48|" 

354.90 

6.207 

807.46 

"         

2 

52.57 

6'  49  " 

358.35 

6.195 

799.70 

"         

3 

52.14 

6'    5lf 

357.81 

6.154 

800.90 

"         

4 

58.67 

6'    lU'  ' 

363.26 

6.821 

788.88 

"         

5 

58.83 

6'   4  " 

356.92 

6.961 

802.90 

"         

6 

59.17 

6'    8^' 

363.63 

6.872 

788.08 

"         

7 

b°i.-2Z 

b'    8" 

363. '27 

6.886 

788.86 

"         

8 

43.41 

8'   22J' ' 

363.56 

5.043 

788.23 

"         

9 

43.30 

8'    18i" 

359.75 

5.083 

796.58 

"         

10 

33.73 

10'    52" 

366.53 

3.886 

781.84 

"         

11 

33.90 

10'    39" 

361.03 

3.965 

793.75 

"         

12 

25.38 

14'   53" 

357.75 

2.996 

801.00 



13 

25.70 

13'   59'  ' 

359.37 

3.020 

797.42 
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No.  of 
test. 


4 

6 

G 

7 
1 

2 

3 

8 

9 
10 


Observed  time  of 

flow  through 

tunnel. 


6'  llj' 

6'  4" 

6'  8J" 

6'  8" 

6'  48}' 

6'  49'  ' 

6'  51f 

8'  22i' 

8-  181' 

10'  52" 


Actual   velocity 

in  feet  per 

second. 


6.821 

6.961 

6.872 

6.886 
6.207 

6.195 

6.154 

5.043 

5.083 
3.886 


Observed  diflfer- 
ence  in  water 
level  in  shafts 
2  504  ft.  apart. 


Feet. 
(2,481 
)2.58( 
(2.63) 
12.58) 
(2.62) 
\2.62j 

2.62 
(2.09) 
\1.88J 

2.04 
(2.07) 
(2.11 
(1.97) 
(1.31 
(1.40) 
jl.35l 
(1.27) 


Average      ob-|Coeflacient  (C) 

served  head    of  formula 

per  1  000  ft.    V  =  (c)  \/H 


1.010 

1.040 

1.046 

1.046 
0.793 

0.821 

0.814 

0.541 

0.523 
0.268 


124.02 

124.30 

122.71 
122.96 

127.19 

124.90 

124.57 

125.13 

128.35 
137.31 
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THE     ENLARGEMENT    AND     IMPROVEMENT     OF 

THE    NORTH    SEA    CANAL    OF    HOLLAND 

(AMSTERDAM    SHIP    CANAL). 


By  A.  E.  Kempees,  C.  E.  ,  Koyal  Engineer  in  Holland. 


Prepared  for  the   International   Engineering  Congress  of  the 
Columbian    Exposition,    1893. 


The  North  Sea  Canal  of  Holland.— The  North  Sea  Canal  (also 
known  by  the  name  of  "Canal  through  the  narrowest  part  of  Hol- 
land") is  the  high  road  of  commerce  from  the  North  Sea  to  Amsterdam, 
and  is  continued  further  eastward  as  far  as  the  Zuyder  Zee. 

A  description  of  the  important  works,  which  about  twenty  years  ago 

were  in  course  of  construction  in  connection  with  the  digging  of  this 

canal,  has  been  given  by  Brevet  Major-General  J.  G.  Barnard,  in  the 

"  Professional  Papers  of  the  Corps  of  Engineers  of  the  United  States 

Note.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
■will  be  published  simultaneously  in  the  number  for  December,  1893. 
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Army."  Another  account  of  the  works  executed  before  1874  may  be 
found  in  the  well-known  paper  of  M.  Ph.  Croisette  Desnoyers,  Ingenieur 
en  Chef  des  Ponts  et  Chaussees,  under  the  title,  "Notice  sur  les 
Travaux  Publics  en  Hollande." 

The  above-mentioned  papers  being  known  to  the  whole  profes- 
sional world,  it  may  be  judged  superfluous  to  repeat  what  has  been  so 
correctly  stated  in  them. 

This  paper  is  a  sequel  to  those  writings,  and  will  endeavor  to 
sketch  in  strict  outlines  what  has  been  done  since  1872  for  the  com- 
pletion, maintenance  and  improvement  of  the  North  Sea  Canal. 

It  is  a  well-known  fact  that  the  execution  of  the  plan  was  under- 
taken by  the  Amsterdam  Canal  Company.  This  company  found 
numerous  technical  as  well  as  financial  difficulties  in  its  way.  It 
is  not  to  be  denied,  indeed,  that  on  several  occasions  it  met  with 
the  powerful  suj)i3ort  of  the  Government,  but  in  the  long  run  the 
means  of  carrying  out  the  task  failed,  and  on  the  31st  of  October, 
1881,  an  agreement  was  signed  by  which  the  company  handed  over  all 
its  possessions  and  rights,  as  well  as  its  liabilities  and  obligations,  to 
the  State  of  the  Netherlands.  The  Act  of  December  19th,  1882 
[Official  Gazette,  No.  231)  ratified  this  agreement. 

Before  this  change  in  the  direction  of  the  works  had  taken  j)lace, 
they  had  been  executed  to  such  an  extent  as  to  have  definitely  estab- 
lished the  new  route  of  communication  with  the  North  Sea,  to  have 
completed  the  enclosure  in  the  direction  of  the  Zuyder  Zee,  and  to 
have  reclaimed  and  sold  the  several  polders  in  the  enclosed  part  of 
the  Y. 

In  1872,  on  the  10th  of  March,  the  locks  on  the  Zuyder  Zee  side, 
near  Schellingwoude,  were  opened  for  public  service.  They  had  pre- 
viously, on  the  occasion  of  the  laying  of  the  memorial  stone  (April 
29th,  1870)  by  His  Majesty  King  William  III,  received  the  name  of 
"Orange  Locks." 

In  1874  the  sale  of  the  first  jjolder  could  be  made  ;  in  1882 
all  polders  had  jjassed  into  private  hands,  with  the  exception  of  a 
small  strip  of  land  (polder  vii)  close  to  the  entrance  of  a  side  canal 
to  Zaandam,  which  is,  though  surrounded  by  embankments,  not 
drained.  This  enclosure  is  still  being  used  as  a  deposit  for  material 
dredged  from  the  canal. 

The  harbor  on  the  North  Sea  having  got  a  navigable  channel  5.5 
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m.  deep  below  Amsterdam  water-mark  (Amsterdam  level,  A.  P. '  *) 
and  the  canal  itself  a  dej)th  of  6.5  m.  below  A.  P.,  the  route  was  opened. 
A  few  days  before  the  opening  ceremony  the  necessary  regulations 
had  been  established  concerning  the  tariff  of  harbor  and  canal  dues 
and  the  police  regulations  to  be  observed  in  passing  the  canal  and  the 
works  belonging  to  it.f 

A  short  time  after  the  works  had  passed  into  the  hands  of  the 
Government  there  was  a  general  call  for  improvements  of  the  various 
parts  and  for  the  extension  and  enlargement  of  the  canal  and  its 
works.  Considerable  sums  have  already  been  spent  for  this  purpose, 
extensive  works  are  still  being  executed,  but  in  order  to  make 
Amsterdam  accessible  to  the  largest  sized  vessels  many  more  improve- 
ments will  have  to  be  carried  out. 

The  present  condition  of  the  canal  has  been  indicated  in  its  chief 
outlines  on  Plate  I.  The  most  important  of  the  new  works  in  course 
of  construction  have  likewise  been  represented  upon  it. 

North  Sea  Harbor.  — The  outer  harbor  is  bounded  by  two  piers  made 
of  concrete,  each  1  528  m.  long,  while  the  bases  of  these  piers  are  1  200 
m.  apart ;  their  converging  direction  gradually  diminishes  this  distance 
to  660  m.  at  1  200  m.  from  the  coast  line.  Then  the  piers  curve 
inward  so  as  to  leave  at  a  distance  of  about  1  400  m.  from  the  coast 
line  a  harbor  entrance  260  m.  wide.  Owing  to  the  deposit  of  enormous 
loose  blocks  of  concrete  at  the  heads  of  the  piers,  a  width  of  200  m. 
remains  for  navigation. 

The  area  enclosed  by  the  piers  (the  outer  harbor)  comprises  to  the 
lowest  line  92  hectares;  to  the  high  water-line,  102  hectares. 

At  one  time  an  attempt  was  made  to  dredge  in  the  outer  harbor  an 
elliptic  basin  having  a  width  of  650  m.  and  a  depth  of  8^  m.  below 
A.  P.  at  the  entrance,  and  of  7^  m.  below  A.  P.  on  the  shore  side,  but 
the  work  was  stojDped.  From  October,  1878,  to  November,  1879, 
765  000  cu.  m.  of  material,  measured  in  the  barges,  were  raised  by 
dredging  ;  but,  notwithstanding  this  fact,  the  profile  indicated  that  the 
material  of  the  harbor  had  been  diminished  by  but  4  000  cu.  m. 

At  the  i^resent  time  by  the  aid  of  powerful  dredges  a  channel  of 
250  m.  width,  8.5  m.  deep  below  A.  P.,  is  maintained;  while,  accord- 

*  A.  p.  means  Amsterdamsch  Peil,  the  average  level  adopted  as  a  standard  throughout 
the  Netherlands  by  the  King  on  the  first  of  November,  1876,  at  which  time  the  new  harbor 
received  the  name  of  Ymuiden  (mouth  of  the  Y). 

t  Royal  decrees  of  October  20th,  1876,  Official  Gazette,  No.  27,  and  October  2Cth,  1876, 
Official  Gazette,  No.  189. 
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iug  to  the  conditions  of  the  ijresent  dredging  contract,  that  channel 
will  have  to  be  deepened  in  1894  to  9. 50  m.  below  A.  P.  for  a  width 
of  250  m. 

In  order  to  perform  this  dredging,  carried  on  also  beyond  the  har- 
bor mouth,  and  to  which  must  be  added  the  keeping  at  the  requisite 
depth  of  the  inner  canal  leading  up  to  the  North  Sea  locks,  the  follow- 
ing dredging  plant  must  constantly  be  in  good  working  condition  at 
Ymuiden : 

(a)  Two  hopper  pump  dredges  of  sufficient  capacity  to  raise  455 
and  610  cu.  m.  per  hour  of  the  matter  found  in  and  near  the  harbor 
mouth  from  a  depth  of  12  m.  below  the  sea  level. 

The  i^ump  dredge,  whose  capacity  is  610  cu.  m.  per  hour,  shall  at 
the  same  time  be  fitted  with  ladder  and  buckets,  to  dredge  in  a  draught 
of  water  of  11  m. 

(b)  Two  stationary  bucket  ladder  dredges  of  sufficient  capacity  each 
to  raise  and  discharge  into  scows  270  cu.  m.  an  hour  of  the  material 
found  in  the  harbor  and  in  the  outer  canal. 

One  of  these  dredges  must  be  able  to  do  this  work  in  a  draught  of 
11  m.,  the  other  in  a  draught  of  10  m. 

(c)  Five  steam  hopper  barges,  so-called  "  ouderlossei's"  (discharg- 
ing dredgings  through  traps  or  valves  in  the  bottom)  with  a  capacity 
each  of  at  least  150  cu.  m. 

Three  of  these  steam  hopper  barges  must  be  fitted  with  pump 
dredging  machinery,  two  of  sufficient  capacity  to  raise  at  least  150  cu. 
m.  of  dredging  matter  per  hour  in  a  draught  of  water  of  11  m.  in  and 
near  the  harbor  mouth,  the  third  to  raise  at  least  285  cu.  m.  in  that 
time. 

{d)  A  large  steam-tiig  of  about  150  I.  H.  P.,  built  and  fitted  up  to 
serve  as  a  direction  steamer  to  the  surveying  staff. 

(e)  A  sufficient  number  of  reserve  engine-parts,  of  which  a  full  sup- 
lily  is  constantly  to  be  kept  in  readiness  for  immediate  service  in  case 
of  repairs  being  necessary. 

The  dredgings  are  discharged  into  the  oj)en  sea  at  distances  of  at 
least  5  000  m.  from  the  coast  line  wherever  at  a  sea  level  correspond- 
ing to  A.  P.  a  draught  of  water  of  at  least  13  m.  is  found.  The 
quantity  of  material  that  has  yearly  to  be  removed  in  order  to  main- 
tain the  requisite  depth,  and  in  order  to  obtain  the  greater  depth  now 
desired,  is  enormous. 
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The  following  tables  give  au  idea  of  the  quantities  raised  since 
1876.  These  quantities  were  not  measured  in  place,  but  in  the  vessels 
used  for  transportation. 


Year. 

Outside  the  har- 
bor's mouth. 
Cubic  Metsr. 

In  the  harbor. 
Cubic  Meter. 

In  the  outer  canal. 
Cubic  Meter. 

1876 

501  956 
936  804 
1  642  098 
438  764 
264  085 
394  359 
390  124 
387  485 
5114  1'22 

375  9U2 
550  8-29 

401  391 

376  055 
364  200 
368  917 

402  575 
751  455 

1877 

1878 

53  118 
83  752 
47  424 
63  381 

86  413 
50  538 
69  775 
45  819 
83  257 
75  155 
56  370 
59  6U5 
82  848 
61  325 

87  905 

19  009 

1879 

43  050 

1880 

27  920 

1881 

60  875 

1882 

37  710 

1883 

62  894 

1884 

84  875 

1885 

1886 

52  263 
36  035 

1887 

22  120 

1888 

18H9 

30  900 
14  485 

1890 

18  710 

1891 

20  300 

1892 

39  120 

During  a  considerable  j)art  of  the  year,  the  surf  and  swell  made 
dredging  impossible.  The  number  of  days  when  dredging  could  not 
be  done  amounted  to — 


Year. 

Outside  the  har- 
bor mouth. 

In  the  harbor. 

Year. 

Outside  the  har- 
bor mouth. 

In  the  harbor. 

1883   

240 
263 
298 
241 
265 

156 
193 
204 
165 
130 

1888 

1889 

18110 

1891 

270 
227 
207 
255 

136 

1884 

103 

1885 

119 

1886 

126 

1887 

The  piers  protecting  the  harbor  against  the  North  Sea  were  fin- 
ished for  their  entire  length  in  1877. 

During  the  construction  of  these  works  on  a  sandy  beach  exposed 
to  the  violent  attacks  of  the  North  Sea,  many  difficulties  and  disap- 
pointments had  to  be  faced. 

From  the  outset  it  had  been  the  intention  to  construct  these 
piers  of  heavy  concrete  blocks.  The  dimensions,  as  well  as  the 
formation  of  these  blocks,  have  often  during  the  progress  of  the  work 
been  altered,  while  the  cross-section  of  the  i^iers  appeared  to  be  in  ur- 
gent need  of  enlargement. 

On  Plate  II  the  difi'erent  modes  of  construction  have  been  given  in 
detail. 
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The  original  plan  of  the  piers  was  based  up,on  the  system  adopted  at 
many  English  ports,  where  on  a  rocky  foundation  soil,  from  which  the 
upper  layer  of  clay  or  sand  has  been  removed,  a  massive  wall  with 
almost  jierpendicular  sides  is  erected  without  any  protection  of  the 
foot  against  abrasion  being  necessary. 

The  ineflSiciency  of  similar  constructions  on  the  Dutch  coast  soon 
manifested  itself  in  an  unmistakable  manner.  Figs.  1  and  5  of  Plate 
II,  showing  cross-sectious  of  the  North  Pier  as  it  was  first  made, 
remove  all  doubt  on  this  subject. 

At  that  period  only  the  side  fronts  of  the  pier  were  constructed  of 
concrete  blocks  prepared  in  advance;  between  those  walls  a  nucleus  of 
sand  originally,  of  concrete  afterwards,  was  inserted. 

After  the  winter  of  1867,  when  some  experience  had  already  been 
gained,  the  pier  was  constructed  entirely  of  blocks  of  concrete  pre- 
pared in  advance,  the  bottom  layer  of  which  had  imbedded  itself  into 
the  sand  and  had  afterwards  been  trimmed  to  a  horizontal  j)lane  by 
the  divers  (Fig.  2). 

This  way  of  proceeding  was  relinquished  for  the  one  sketched  in 
Figs.  3  and  4,  which  gave  a  solid  basis  to  the  work  by  the  apijlication 
of  a  rubble  of  basaltic  blocks  forming  a  stratum  1  m.  high  between 
lines  of  concrete  blocks  (Fig.  3),  and  protruding  as  far  as  10  m. 
beyond  the  foot  of  the  jjiers. 

Notwithstanding  these  alterations,  the  end  had  by  no  means  been 
gained.  Figs.  8  and  9  certainly  do  not,  in  giving  a  faithful  reijresenta- 
tion  of  the  condition  of  the  north  pier  at  700  m.  from  the  coast  line, 
convey  any  notion  of  a  work  in  every  respect  a  match  for  a  sea  that  can 
so  mercilessly  lash  the  Dutch  coast. 

In  1873  a  commission  of  experts  was  appointed  by  Royal  deci-ee  for 
the  purpose  of  investigating  some  questions  relating  to  the  North  Sea 
Canal. 

One  of  these  questions  was  :  "Are  the  North  Sea  piers  to  be  judged 
of  sufficient  capacity,  both  as  regards  construction  and  strength  of 
materials,  and,  if  not,  what  are  the  improvements  required  ?  " 

Up  to  that  time  the  concrete  blocks  for  the  side  facings  of  the  iners 
had  been  composed  of  1  part  of  Portland  cement  to  4  parts  of  sand 
(from  the  sand  hills)  and  5  parts  of  gravel. 

The  blocks  were  1.067  m.  (3  ft.  6  ins.)  high,  1.219  m.  (4  ft.)  broad, 
and  1.524  m.  (5  ft.),  2.134  m.  (7  ft.)  and  2.743  m.  (9  ft.)  long. 
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The  Commissioa  arrived  at  the  following  conclusions  : 

The  nethermost  blocks  do  not  form  a  fixed  basis,  and  the  upper 
blocks  are  stated  to  shift  places  to  a  considerable  degree. 

The  basis  has  not,  at  least  from  the  sea  side,  been  sufficiently 
secured  against  abrasion. 

The  Commission  was  further  of  oisinion  that  the  formation  of  the 
mortar  used  for  the  blocks,  and  also  the  dimensions  of  the  same,  were 
insufficient. 

Accordingly  it  proposed  : 

First. — To  start  from  the  principle,  in  securing  the  basis,  of  the 
protection  having  to  be  carried  on  to  the  greatest  depth  found 
alongside  the  work. 

And,  although  it  cannot  a  priori  be  made  out  what  breadth  will  be 
sufficient,  the  Commission  feels  justified  in  assuming  that  the  basis  to 
be  constructed  on  the  bottom  of  the  sea  should  protrude  at  least  10 
m.  on  that  side  of  the  piers  facing  the  sea  beyond  the  foot  of  the  rub- 
ble to  be  mentioned  below,  as  the  breakwater  will  be  deposited  on  that 
basis. 

The  bottom  layer  is  to  be  carried  on  round  about  the  heads  of  the 
piers  for  the  same  breadth  and  to  be  continued  as  far  as  will  appear 
necessary  along  that  side  of  the  piers  facing  the  harbor. 

As  to  the  remaining  part  of  the  harbor  front,  wherever,  during  the 
progress  of  the  work,  abrasion  takes  place,  the  basis  to  be  deposited 
is  also  to  extend  to  at  least  10  m.  beyond  the  foot  of  the  pier.  The 
height  of  the  bottom  layer  may  be  fixed  at  1  m. 

Second. — To  adhere,  in  protecting  the  pier  from  the  impetus  of  the 
waves,  to  the  jirinciple  of  depositing  at  the  seaside  rubble  reaching 
from  the  basis  to  the  top  of  the  pier,  and  thus  forming  a  breakwater 
in  front  of  it. 

The  core  of  this  protection  may  be  composed  of  stone  or  small 
concrete  blocks;  the  outer  facings  of  the  breakwater  should  be  made 
of  heavy  blocks  of  concrete. 

Inasmuch  as,  in  the  absence  of  examples  of  similar  works  on  the 
Dutch  coast,  the  Commission  dare  lay  down  an  opinion,  it  ventures  to 
propose  the  following  dimensions  to  be  given  to  the  breakwater: 

The  nucleus  of  stone  or  smaller  blocks  of  concrete  may  reach  to 
1.5  m.  below  the  low  water-line,  with  a  top  breadth  at  that  level  of 
no  more  than   3   m.,   and    an   outward   slope  1.5  to  1.      The   facing 
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of  heavy  blocks  covering  the  nucleiis  is  to  reach  to  the  top  of  the 
piers,  i.e.,  to  4.10  m.  above  A.  P.,  and  to  have  a  top  breadth  of  at 
least  3  m.  by  an  outward  slope  no  steeper  that  1  to  1. 

The  minimum  weight  of  the  blocks  to  be  used  for  that  purpose  is 
to  be  fixed  at  20  tons. 

The  rubble  (breakwater)  is  to  commence,  for  the  north  pier  at  650 
m.,  for  the  south  pier  at  750  m.,  from  the  coast  line,  go  round  the 
heads  of  the  piers,  and  to  be  continued  inward  as  far  as  will  prove 
necessary. 

The  Commission  does  not  judge  it  proper  to  give  definite  specifica- 
tions for  the  formation  of  the  concrete,  but  wishes  merely  to  observe 
that  the  mixture  hitherto  used  is  of  too  weak  a  nature;  the  proportion 
of  Portland  cement  ought  to  be  increased,  and  sharp  sand  should  be 
used  instead  of  sand  from  the  beach. 

As  for  the  piers  themselves,  it  is  observed  that  the  parapet  should 
be  done  away  with  on  the  north  pier  from  650  m.  and  on  the  south  pier 
from  750  m.  from  the  coast  line,  and  that  the  piers  should  be  fully  raised 
to  the  level  to  which  the  top  of  the  parapet  now  reaches.  The  top 
part,  to  be  raised  to  the  level  of  the  actual  parapet,  should  be  one 
homogeneous  mass  across  the  whole  section.  A  weight  of  10  tons  per 
block  is  judged  necessary  for  the  piers  above  low  water. 

In  consequence  of  these  remarks,  the  piers  were  given  the  cross- 
section  traced  on  Plate  II,  Fig.  6.  The  blocks  of  concrete  were 
composed  of  1  part  of  Portland  cement,  3  parts  of  sharp  sand  and  5 
parts  of  gravel.  Experience  has  taught  that  blocks  of  this  formation 
can  stand  the  attacks  of  the  waves  and  the  weather  better  than  those 
previously  used.  The  piers,  as  well  as  the  breakwaters,  continually 
require  great  sums  for  repairs. 

In  1881,  by  way  of  experiment,  the  crown  of  the  north  pier  was 
coated  with  masonry  of  hard-burnt  bricks  in  strong  mortar  of  Portland 
cement.  This  experiment  was  a  complete  success,  and  at  the  present 
moment  both  piers  have  this  protection  along  their  entire  length. 
Fig.  7,  Plate  11,  may  now  be  considered  as  the  type  of  cross-section  of 
the  piers. 

The  present  formation  of  the  concrete  blocks  for  the  breakwaters 
is  2  measures  of  Portland  cement,  3  measures  of  sharp  sand  and  5 
measures  of  clear  gravel.  The  largest  blocks  are  3  m.  long,  1.5  m. 
broad  and  2  m.  high.     Their  weight  is  about  19  500  kg.  (20  tons). 
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On  Plate  III  the  present  condition  of  Ymuiden  Harbor  lias  been 
reproduced. 

The  direction  of  the  axis  of  the  harbor  is  indicated  by  means  of  two 
white,  fixed,  dioptric  lights  of  the  first  order.  The  western  (or  outer) 
light  reaches  to  41.6  m.  above  ordinary  high  water,  and  is  visible  at 
18  nautical  miles;  the  inner  or  eastern  one  reaches  51.5  m.  above  high 
water,  and  is  visible  at  19  miles.  The  lights  are  560  m.  apart  and 
placed  in  round  iron  towers,  painted  with  broad  white  bands. 

On  the  heads  of  the  piers  are  fixed  lights  of  the  sixth  order,  reach- 
ing to  12.7  m.  above  high  water,  and  are  visible  at  two  miles.  The 
north  pier  light  is  red  at  the  seaside  and  green  at  the  harbor  side;  the 
south  pier  light  is  green  at  the  seaside  and  I'ed  at  the  harbor  side. 
The  lamps  have  been  constructed  so  as  to  keep  alight  several  days  and 
nights  running  whenever  the  piers  are  inaccessible  on  account  of  bad 
weather. 

Between  the  piers  the  navigable .  channel  is  indicated  by  five  black 
buoys  on  the  north  side  and  five  white  ones  on  the  south  side.  During 
dense  fogs  a  steam  siren  whistle  is  worked,  placed  near  the  western 
light  tower. 

Since  the  opening  of  the  canal  a  semaphore  or  coast  signaling 
station  has  been  erected  at  Ymuiden  in  connection  with  the  telegraph 
service.  This  semaphore  has  been  placed  on  the  south  side,  near  the 
outer  light  tower.  In  accordance  with  the  "Universal  Code  of  Sig- 
nals," messages  can  be  sent  to  and  received  from  ships. 

The  harbor  number  of  Ymuiden  is  3.  The  average  difference 
between  tide  and  ebb  is  1.6  m.  at  neap  tide  and  1.8  m.  at  spring  tide. 
"Water  signals  are  hoisted  at  the  yardarm  of  the  semaphore's  signaling 
mast  in  order  to  indicate  every  change  in  the  draught  of  water.  These 
signals,  by  night  and  by  day,  are  given  on  Plate  TV. 

A  few  hundred  yards  inland,  between  the  sandhills  north  of  the 
harbor,  is  a  beacon,  placed  so  that  the  azimuth  of  the  line  (compass 
beacon — light  on  the  head  of  the  south  mole)  is  S.  77'^  34'  24"  W.  Two 
lifeboat  stations  are  in  close  proximity  to  the  harbor. 

Sailors  will  find  exhaustive  information  on  the  hydrographic  chart 
of  Ymuiden  and  in  the  accompanying  description,  published  by  order 
of  the  Naval  Office,  and  in  Halverhout  &  Zwast's  "Guide  to  the  Har- 
bor of  Ymuiden  and  the  North  Sea  Canal." 

The  harbor  between  the  piers  cannot,  in  stormy  weather,  be  consid- 
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ered  a  harbor  of  refuge,  in  tlie  proper  sense  of  the  word.  Experience 
has  taught  that,  generally  speaking,  it  may  be  entered  by  ships  without 
any  danger  at  all.  During  gales,  when  the  jiassage  through  the  locks 
was  impossible,  necessity  has  sometimes  turned  it  into  a  harbor  of 
refuge,  not  unsuccessfully.  As  a  rule,  however,  vessels,  after  entering 
the  harbor,  should  make  for  the  outer  canal  with  the  least  possible 
delay,  to  j)ass  on  to  the  canal  through  the  North  Sea  locks. 

It  is  worth  mentioning  that  even  in  the  exceptionally  severe  winter 
of  1890  and  1891  the  traffic  in  the  harbor  of  Ymuiden  was  only 
suspended  for  a  very  few  days.  The  navigation  in  the  North  Sea  Canal 
itself  was  in  that  winter  attended  with  extraordinary  difficulties,  and 
was  for  a  considerable  time  altogether  suspended.  Measures  are 
jalanned  to  prevent  similar  suspension  of  traffic  in  the  future  by  the 
aid  of  powerful  ice-breakers. 

The  outer  canal  or  inner  harbor  enters  into  the  outer  harbor  be- 
tween two  stone  moles  on  the  heads  of  which  fixed  white  harbor  lights 
have  been  placed.  These  lights  reach  5.3  m.  above  high  water,  and 
are  visible  at  two  miles.  The  outer  canal  is  1  430  m.  long;  it  is  kept  at 
a  depth  of  8.5  m.  below  A.  P.  This  depth  is  to  be  found  in  a  channel 
gradually  narrowing  from  109  to  38  m.  near  the  North  Sea  locks. 

In  virtue  of  the  conditions  of  the  present  maintenance  contract, 
this  canal  will  have  to  be  deepened  to  9.5  m.  below  A.  P.  on  July  1st, 
1894.  The  bottom  width  will,  at  that  time,  be  85  m.  at  the  entrance, 
and  35  m.  near  the  locks.  The  banks  of  the  outer  canal  are  jirotected 
below  A.  P.  by  osier  work,  and  above  that  level  by  stone  sloping. 

An  enlargement  of  the  outer  canal,  at  the  north  side,  now  serves  as 
a  mooring  place  for  numerous  fishing  craft,  for  whose  convenience  five 
jetties  have,  moreover,  been  built  at  the  south  side.  With  a  view  to 
the  great  development  of  the  Ymuiden  fish  trade  an  area  of  17  hectares 
has  been  piirchased  at  the  south  side  of  the  outer  canal  where  a  fish- 
eries harbor  will  be  dug. 

The  plans  for  the  construction  of  that  harbor  are  still  preparing, 
but  meanwhile  large  quantities  of  sand  have  been  removed  from  the 
purchased  grounds.  This  sand,  as  will  afterwards  be  seen,  is  utilized 
in  constructing  a  bar  in  the  open  Y>  near  Schellingwoude. 

The  outer  canal,  as  yet,  only  leads  to  the  set  of  locks  already  de- 
scribed on  the  twenty-eighth  and  following  images  of  the  before-men- 
tioned paper  bv  Brevet  Major-General  Barnard. 


396        KEMPEES  ON  THE  NOETH  SEA  CANAL  OF  HOLLAND. 

The  ijrincipal  dimensions  of  these  locks  are: 

Great  tide  lock,  containing  three  pairs  of  tide  gates,  and  two  pairs 
of  ebb  gates,  width,  18  m. ;  depth,  7.9  m.  below  A.  P.;  length  of  the 
combined  lock  jiond,  120  m.  The  lock  chamber  is  divided  into  two 
sections  by  a  pair  of  tide  gates.     These  sections  are  70  and  50  m.  long. 

Small  tide  lock  containing  three  pairs  of  tide  gates  and  two  pairs  of 
ebb  gates,  width,  12  m. ;  depth  below  A.  P.,  5.14  m. ;  length  of  the 
lock  laond,  70  m. 

Outlet  sluice  containing  two  pairs  of  tide  gates  and  one  pair  of 
ebb  gates,  width,  10  m. ;  depth  below  A.  P.,  5.14  m.  The  outer  tide 
gates  reach  to  5  m.  above  A.  P. ;  the  highest  storm-tide  known  at 
Ymuiden,  on  December  12th,  1883,  ran  up  to  3.30  m.  above  A.  P.,  near 
the  locks. 

Some  years  after  the  opening  of  the  locks  to  trade,  the  conviction 
was  arrived  at  that  their  dimensions  were  too  small  for  large-sized 
craft. 

As  far  as  their  length  was  concerned,  this  difficulty  could  be  evaded 
either  by  locking  the  big  vessels  between  the  outermost  tide  gates 
and  the  innermost  ebb  gates  (giving  an  increase  of  length  of  8m.), 
or  by  allowing  them  to  j^ass  at  the  moment  when  the  tide,  being  on  a 
level  with  the  water  in  the  canal,  did  not  require  any  of  the  gates  to 
be  shut.  Both  these  expedients  oflfer  peculiar  difficulties  and  impede 
the  regular  course  of  traffic.  But,  as  far  as  width  and  depth  were  con- 
cerned, nothing  but  the  construction  of  new  locks  could  remove  these 
obstacles. 

As  early  as  1885,  a  plan  was  sketched  in  outline  for  the  building 
of  a  second  great  tide  lock.  According  to  this  sketch  the  new  lock 
was  to  have  obtained  a  width  of  25  m.  at  the  level  of  the  canal,  and  a 
depth  of  8.5  m.  below  A.  P.  The  length  of  the  lock  chamber  was  to 
have  been  205  m. ,  while  a  pair  of  intermediate  gates  was  to  divide  it 
into  two  sections  about  75  and  130  m.  long.  The  outer  front  was  to 
have  retreated  inland  about  400  m.  from  that  of  the  existing  locks, 
the  longitudinal  axis  to  have  been  fixed  about  180  m.  north  of  the 
axis  of  the  present  canal.  New  branch  canals  would  have  had  to  con- 
nect these  locks  with  the  inner  and  outer  canals. 

On  August  28th,  1886,  a  jjroject  for  a  law  was  offered  to  the 
Second  Chamber  of  the  States  General  authorizing  the  appropriations 
necessary  for  the  enlargement  of  the  harbor  and  locks  of  Ymuiden. 
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This  project  embi-aced  the  construction  of  the  aforesaid  fisheries  har- 
bor, as  well  as  the  building  of  a  new  lock  of  the  above  capacity.  The 
cost  of  these  works  were  then  estimated  at  4  246  900  guilders.  The 
bill  authoi'izing  the  appropriation  was  passed  and  published  in  the 
Official  Gazette,  No.  98,  of  May  31st,  1887.  Very  soon  afterwards  the 
elaboration  of  the  plan  for  the  lock  was  proceeded  with.  The  neces- 
sary inquiries  into  the  nature  of  the  grounds,  including  five  borings, 
were  made.  These  borings  showed  that  the  soil  was  almost  exclusively 
composed  of  sand  or  sand  mingled  with  shells.  Only  here  and  there  at 
different  depths  vestiges  of  clay  were  met  with.  At  a  depth  between  17 
and  19  m.  below  A.  P.,  a  substratum  of  solid  loam  was  found  sup- 
ported by  very  solid  and  dry  peat.  This  foundation  soil  might,  there- 
fore, be  called  of  excellent  stability,  and  the  use  of  piles,  unavoidable 
in  the  construction  of  most  important  works  on  the  Dutch  soil,  is  here 
superfluous. 

There  were  fears,  however,  that  the  sand  reaching  down  to  so 
enormous  a  depth  would  throw  almost  insurmountable  difficulties  in 
the  way  of  the  execution  of  the  work.  The  proximity  of  the  present 
canal,  which  would  be  separated  from  the  excavation  by  an  embank- 
ment of  only  about  60  m.,  and  that  the  top,  justified  the  fear  of  a 
great  strain  of  water  from  which  inroads  of  sand  might  be  expected. 
These  considerations  led  to  the  conclusion  that  the  foundations  of 
the  lock  walls  would  have  to  be  made  under  water  by  means  of  com- 
pressed air,  and  the  walls  and  floors  would  have  to  be  constructed 
thereon  between  iron  fencings.  The  nether  part  of  the  side  walls  of 
the  locks  would  have  to  be  constructed  of  piled-iip  blocks  of  concrete. 

During  the  elaboration  of  this  project  of  foundations  by  means  of 
compressed  air,  the  digging  and  dredging  necessary  for  these  founda- 
tions were  separately  contracted  for,  together  with  part  of  the  inner 
junction  canal  (for  348  500  guilders),  and  also  the  construction  of 
6  030  cu.  m.  of  concrete  blocks  for  the  side  walls  (for  96  900  guilders). 
Permission  was  moreover  granted  to  several  jjrivate  people  to  carry  off 
sand  from  the  grounds,  while  another  jjortion  was  turned  to  account 
in  constructing  military  works  on  the  Amsterdam  line  of  defense. 

On  October  30th,  1888,  the  interior  digging  for  the  locks  com- 
menced; for  the  most  jjart  excavators  were  used,  the  material  being 
transported  by  rail  to  the  beach  north  of  Ymuiden.  Although  it 
had  been   taken  for  granted  that  in  making  the  excavation  a  great 
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quantity  of  the  matter  "would  have  had  to  be  raised  by  dredging,  it 
appeared  during  the  pi'ogress  of  the  work  that  even  at  a  depth  of  11  m. 
no  leak  was  to  be  discovered.  The  water  filtering  throtigh  the  adjacent 
downs,  and  through  the  embankment  between  the  excavation  and  the 
North  Sea  Canal,  could  easily  be  pumj)ed  out  by  a  few  centrifugal 
pumps.  In  the  days  of  the  greatest  influx  of  water  the  quantity  thus 
removed  never  amounted  to  more  than  8  000  cu.  m.  per  24  hours. 

Towards  the  close  of  the  year  1889,  the  plan  of  the  lock  built  on 
foundations  by  means  of  compressed  air  was  finished,  and  on  the  27th 
of  December  it  was  to  have  been  contracted  for.  In  elaborating  the 
plan  some  principal  dimensions  had  been  a  little  increased.  The  outer- 
most mitre-sill  was  to  have  reached  to  9  m.  below  A.  P.  The  inter- 
mediate and  innermost  sills  to  9.30  m.  below  A.  P.  The  total  length 
of  lockage  had  been  increased  to  225  m.,  while  the  width  had  been 
kept  at  25  m. 

In  the  ijeriod  intervening  between  the  j)assing  of  the  appropriation 
bill  and  the  completion  of  the  plans,  the  princijaal  dimensions  to  be 
given  to  the  locks  had  formed  a  subject  of  controversy  in  the  daily 
papers  and  in  various  technical  periodicals.  Many  professional  men 
backed  the  opinion  that,  for  the  depth,  the  figure  adopted  by  the 
Government  ought  to  be  increased.  The  subject  was  also  discussed  in 
the  Second  Chamber  of  the  States  General,  and  On  December  20th, 
1889,  a  considerable  majority  voted  for  the  mitre-sills  being  lowered 
to  at  least  10  m.  below  A.  P.  Accordingly  no  contract  could  be  made 
for  the  construction  of  the  lock  and  the  plan  had  to  be  recast. 

As  a  result  of  the  experience  gained  meanwhile  with  respect  to  any 
danger  of  inundation  threatening  the  excavation,  it  was  resolved  not 
to  put  in  foundations  by  means  of  compressed  air  and  to  build  the 
locks  on  a  basis  of  concrete. 

The  contractors  of  the  interior  diggings  agreed  to  make  the 
concrete  foundations  of  the  lock  walls  for  536  750  guilders.  Accord- 
ing to  the  conditions  of  the  agreements  drawn  up  for  this  purpose, 
grooved  sheet  piling  has  been  apx^lied  around  the  four  sides  of  each 
front  lock  wall  and  in  front  and  at  the  back  of  each  side  wall.  The 
sheet  piles  are  0.15  to  0.20  m.  broad,  8  m.  long,  and  their  points  reach 
to  16  m.  below  A.  P.  The  bottom  of  the  excavation  had  previously 
been  deepened  to  8.50  m.  below  A.  P.  wherever  this  piling  had  to  be 
driven  in,  this  driving  having  been  further  facilitated  by  squirting 
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in  water  from  two  sides.  More  than  2  000  cu.  m.  of  fir  wood  were 
used  for  the  formation  of  these  sheets. 

Each  front  wall  and  each  side  wall  having  thus  been  confined  to  a 
separate  section,  these  sections  were  deepened  to  13.70  m.  below  A. 
P.  by  means  of  a  bucket-ladder  dredge  and  a  suction  pipe,  the  level 
of  the  water  during  this  work  being  kept  at  9  m.  below  A.  P.  As 
soon  as  a  section  had  reached  the  required  depth,  the  filling  up  with 
concrete  was  proceeded  with. 

The  concrete  was  dejaosited  iinder  water  through  wooden  tunnels 
and  in  two  strata  of  a  thickness  of  1.25  m.  each.  In  the  front  walls 
these  tunnels  were  moved  across  a  floating  scaffolding;  for  the  side 
walls  across  braced  beams,  the  tunnels  corresponding  to  the  two  layers 
succeeding  each  other  as  closely  as  possible. 

In  four  months,  by  dint  of  working  night  and  day,  the  total  bulk 
of  25  000  cu.  m.  of  concrete  had  been  cast  in,  the  greatest  quantity 
disposed  of  in  24  hours  being  400  and  odd  cubic  meters. 

The  silt  ijroceeding  from  the  concrete  had  been  removed  as  much 
as  possible  during  the  execution.  On  the  layer  of  concrete  a  layer  of 
sand  2  m.  thick  was  sjiread,  beneath  which  the  whole  mass  could 
harden  undisturbed  during  the  winter  of  1891  and  1892.  The  con- 
crete was  composed  of  6  parts  of  hydraulic  lime  (Tournay  stone 
lime)  measured  after  the  slacking;  5  parts  of  sharp  sand,  7  parts  of 
trass  and  17  parts  of  broken  bricks. 

These  broken  bricks  had  to  be  for  at  least  two-thirds  hard-burned 
clay,  the  other  third  part  might  be  one  degree  less  hard;  they  might 
not  be  larger  than  75  nor  smaller  than  5  cu.  cm.  The  contractors 
were  at  liberty  to  use,  instead  of  hard-burned  clay  rubbish  of  Liege 
limestone,  granite  or  any  other  hard  and  granulous  stone. 

In  March,  1892,  the  removal  of  the  water  and  the  sand  overlying 
the  concrete  in  the  different  sections  was  commenced,  and  it  appeared 
that,  with  the  excejDtion  of  three  places,  where  springs  had  creviced 
the  concrete,  the  foundations  were  a  great  success.  The  uj^per 
stratum  of  the  concrete  consisted,  to  a  depth  of  10  or  20  cm. ,  of  loose 
bricks  and  sharp  sand  of  some  coherency;  the  underlying  concrete 
had  become  perfectly  hard.  The  layer  of  inferior  quality  was  removed 
with  the  i^ickaxe,  and  in  its  stead  a  thin  layer  of  concrete  of  Portland 
cement  was  deposited,  on  which  the  masonry  of  the  walls  has  been 
erected. 
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The  sheet  piling  ijroved  to  be  very  tightly  closed,  in  many  places 
thin  jets  of  water  indeed  squirted  through  the  seams,  but  it  was  a  very 
easy  matter  to  remove  this  water  together  with  that  proceeding  from 
the  three  springs  by  the  help  of  two  centrifugal  pumps  of  a  suction- 
pipe  of  20  cm.  diameter,  so  that  the  surface  of  the  concrete  at  a  level 
of  11.20  m.  below  A.  P.  was  laid,  comparatively  speaking,  dry.  The 
site  of  the  springs  corresponds  pretty  closely  to  the  spots  where 
the  borings  were  performed.  Their  water  is  fresh  and  impi*egnated 
with  few  gases,  so  that  it  evidently  proceeds  from  underneath  the 
stratum  of  peat  at  a  depth  of  19  m.  below  A.  P. 

The  general  system  originally  adoisted  for  the  repression  of  these 
springs  was  the  removal  of  the  bad  concrete  and  the  filling  up  of  the 
hole  with  strong  concrete  of  Portland  cement,  an  iron  tube  fitted  with 
a  very  large  circular  flange  at  the  bottom  having  first  been  stuck  in. 
Through  this  tube  the  spring  could  discharge  itself  Avithout  causing 
any  inconvenience.  These  tubes  might  be  filled  up  when  the  lock 
was  getting  finished. 

The  spring  in  the  foundations  of  the  outermost  front  wall  has  been 
very  successfully  treated  in  this  way.  The  tube  over  this  spring  dis- 
charges 270  cubic  dcm.  of  water  j)er  minute.  Before  the  above- 
mentioned  measures  were  taken,  part  of  the  water  from  the  springs 
found  its  way  alongside  the  western  sheet-jiiling,  but  this  leak  has 
stopped  of  its  own  accord.  Fortunately,  these  bad  spots  do  not  at  all 
interfere  with  any  part  of  the  lock  which  has  to  resist  the  pressure 
of  the  water. 

As  a  temporary  measure,  intending  to  counterbalance  the  upward 
pressure  by  placing  a  column  of  water  over  the  damaged  j^arts  of  the 
concrete,  the  s^jring  in  the  foundations  of  the  outermost  front  wall  has 
been  surrounded  by  a  circular  wall,  which  might  now  be  broken 
down  and  thrown  in  the  intermediate  foundation  by  a  wooden  coflfer. 

This  spring  in  the  foundation  of  the  intermediate  lock  piers  pours 
forth  about  1.2  cti.  m.  of  water  per  miniite.  It  has  been  decided  to 
repress  these  springs  by  means  of  comjjressed  air.  This  process  will 
lay  dry  the  damaged  concrete,  which  will  be  removed  and  supplanted 
by  more  reliable  matter,  while  the  sjjring  itself  will  again  be  led  off 
through  a  tube  until  the  comi)letion  of  the  work.  Then  the  open- 
ing may  be  filled  with  Portland  cement  mortar  or  closed  by  any  other 
device. 
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In  the  beginning  of  1891  the  plan  of  tlie  superstructure  of  the 
locks  liad  already  so  far  been  completed  as  to  allow  a  contract  to  be 
made.  This  work  comprises  the  building  of  the  three  sets  of  lock 
piers  or  front  walls,  of  wings  to  the  outer  and  inner  front  walls,  and 
of  the  side  lock  walls  ;  the  construction  of  fascine  works  outside  the 
locks  in  front  of  the  gates,  and  of  the  paving  of  the  bottom  of  the 
lock  chamber,  besides  the  digging  of  branch  canals  on  either  extremity 
of  the  locks,  inclusive  of  osier  work,  stone  slopings  and  some  works 
of  minor  importance. 

The  cost  of  the  work  under  this  contract  amounts  to  1  634  964 
guilders.     It  is  now  under  construction. 

Plate  V  gives  an  idea  of  this  colossal  enterprise. 

The  jjrincipal  dimensions  are  now  : 

Length  of  the  entire  lock,  282.16  m.  ;  length  of  the  lock  pond 
between  the  outer  point  of  the  outermost  mitre-sill  and  the  abut- 
ment of  the  outer  gate  recesses  of  the  intermediate  lock  piers, 
70.445  m.  ;  length  of  the  lock  pond  between  the  j^oint  of  the  outer 
mitre-sill  of  the  intermediate  lock  piers  and  the  abutment  of  the  outer 
gate  recesses  of  the  innermost  lock  piers,  144.445  m.  ;  length  of  the 
lock  chamber  between  the  point  of  the  outer  mitre-sill  of  the  oiiter- 
most  lock  piers  and  the  abutment  of  the  outer  gate  recess  of  the 
innermost  lock  piers,  225.775  m.  ;  width  at  a  level  of  3  m.  below 
A.  P.  and  lower  down,  25  m.  ;  top  of  the  mitre-sills,  10  m.  below 
A.  P.  ;  top  of  the  copings  of  the  front  of  the  outermost  lock  piers, 
5  m.  above  A.  P. ;  top  of  the  copings  of  the  rest,  3.60  m.  above  A.  P. 

A  number  of  other  dimensions  have  been  indicated  on  the  plate. 

The  whole  building  is  constructed  of  brickwork,  with  limestone 
facings  and  granite  copings  wherever  necessary.  The  lock  walls  get  a 
front  facing  of  rough  basalt  down  to  3  m.  below  A.  P.  The  floor  of 
the  lock  chamber  will  be  paved  with  blocks  of  concrete,  for  which 
purpose  the  before-mentioned  blocks,  originally  intended  for  the  con- 
struction of  the  side  lock  walls  under  water,  will  be  used.  The  con- 
struction of  this  lock  shows  few  deviations  from  the  system  hitherto 
followed  in  the  Netherlands.  Separate  mention  should  be  made  of 
the  arrangement  to  fill  and  empty  the  lock,  which  is  as  yet  only  the 
second  of  that  kind  in  the  Netherlands.  On  either  side,  running  the 
whole  length  of  the  side  walls,  have  been  constructed  sluiceways  2 
m.  wide  and  3  m.    high,  communicating  with  the  lock   basin  by  11 
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openings,  and  closed  by  double  sluice  gates  or  paddles  in  eacli  of  the 
lock  piers.  Owing  to  this  arrangement  the  filling  of  the  lock  basin 
will  not,  under  the  most  untoward  circumstances,  take  more  than  10 
minutes,  while  the  inflowing  or  outflowing  currents  are  distributed 
so  as  to  cause  none  but  the  slightest  inconvenience  to  vessels. 
Excepting  the  before-mentioned  springs  in  the  concrete  foundations, 
making  particular  measures  peremptory,  no  accident  has  delayed  the 
execution  of  the  work  up  to  this  date. 

The  plan  of  the  iron  gates  is  ready,  and  they,  too,  will  soon  be  under 
construction.  The  way  in  which  the  gates  and  paddles  will  be  W'orked 
has  not  yet  been  decided  upon.  The  system  will  be  either  hydraulic 
or  electric.  The  whole  work  will,  to  all  appearances,  be  completed  in 
1895. 

Starting  inland  from  the  North  Sea  locks,  the  canal  cuts  its  way 
through  a  stretch  of  sandhills,  about  4  700  m.  long,  to  run  on  through 
the  now  drained  Wykermeer  and  through  the  Y,  the  waste  of  waters 
changed  into  arable  land  since  the  execution  of  the  work. 

Due  provision  has  been  made  for  the  requirements  of  the  navigation 
and  drainage  of  the  adjacent  countries  by  the  construction  of  some 
side  canals. 

These  side  cuts  are  the  following: 

A.  To  Beverwyk. 

B  and  C.  To  Sisaarndam,  a  place  very  important,  for  the  drainage 
of  Ehynland  (the  Rhine  polders),  where  at  the  same  time  a  set  of  locks 
connects  the  canal  with  the  water-way  to  Haarlem. 

D.  Towards  Nauerna,  where  an  outlet  sluice  for  the  Schermer 
polder  is  situated,  and  at  the  same  time  locks  give  access  to  that 
polder. 

E.  Towards  Westzaan,  where  locks  give  access  to  the  Westzaau 
polder. 

F.  To  Halfweg  (another  important  drainage  station  of  the  Ehine 
polders). 

G.  To  Zaandam,  a  city  whose  commercial  prosj^erity  has  greatly 
increased  since  the  completion  of  the  North  Sea  Canal.  At  Zaandam 
the  side  canal  terminates  into  three  locks  partly  used  for  navigation, 
but  at  the  same  time  acting  as  outlet  sluices  to  the  Schermer  polders. 

H.  Towards  the  mill  sluice  at  Barndegat,  an  outlet  for  the  Oostzaan 
polder. 
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/.  Towards  Oostzaan,  where  a  lock  gives  access  to  tlie  i)olcler  of  that 
name. 

K.  Towards  Nieuwendam;  here  a  lock  gives  access  to  the  Water- 
land  polder. 

These  branch  canals  may  be  entered  by  vessels  of  the  following 
draught  : 

For  the  canals  B,  C,  D,  F. 3.00  m. 

canal  K 2.80 

"      E 2.20 

"      /... 1.80 

*'  "      A 1.50 

"  "      B. 1.30 

"  "       G 7.10  to  7.30 


The  following  table  gives  some  details  about  the  jiolders  reclaimed 
during  the  construction  of  the  canal : 


Kame  of  Polder. 


Koord  en  Zuid  Wykermeer 

"  •'     Spaarndammer  polder. . . 

Houtrak  polder 

Nauernasche,  Westzaauer  en  Zaandam- 

mer  polder 

Groote  Y  polder 

Amsterdammer  polder 

Noorder  polder 


Summer 

Area. 

level. 

(Hectares.) 

Meters 

below  A.  P. 

48-2 

2.40 

520 

260 

1  350 

3.00 

612 

3.40 

1  950 

3.10 

400 

3.40 

465 

3.20 

Drainage  Machines. 
(All  worked  by  steam.) 


Centrifugal  pump,  12  H.  P. 
12     " 

pumps,  80  H.  P.  (together). 

Centrifugal  pump,  20  H.  P. 
64     " 

19  " 

20  «' 


The  polders  are  protected  by  embankments  whose  crowns  are 
nearly  everywhere  at  a  level  of  1  m.  above  A.  P.  The  breadth  is,  at  the 
rest,  4  or  5  m.  as  a  rule;  the  slopes  on  either  side  have  4  base  to  1  rise. 

Within  the  range  formerly  occupied  by  the  y,  there  is  another 
polder  called  Benks  loter  Ham,  covering  224  hectares,  having  a  sum- 
mer level  of  2.28  m.  below  A.  P.  and  for  drainage  jjurposes  a  centri- 
fugal pump  of  16  H.  P.  This  polder  had  been  reclaimed  before  the 
construction  of  the  North  Sea  Canal,  and  as  at  that  time  the  water  of 
the  Zuyder  Zee  had  free  access  to  the  Y»  it  had  been  surrounded  by  an 
embankment  much  higher  than  those  of  the  polders  afterwards  re- 
claimed.    The  crown  of  the  dike  is  3  to  3.50  m.  above  A.  P. 

The  market  value  of  the  Y  territories  amounted  to  more  than  2  000 
guilders  per  hectare.  On  the  whole  these  polders  have  a  very  fertile  soil. 
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The  North  Sea  Canal  runs  along  these  polders  in  a  succession  of 
long  straight  sections  connected  by  weak  curves,  and  cuts  through 
only  one  polder  (near  Bentenhuizen)  which  existed  before  the  con- 
struction of  the  canal. 

The  canal  is  bridged  over  at  three  points;  near  Velsen  there  is  a 
swingbridge  for  ordinary  traffic  and  another  for  railway  traffic;  and 
near  Zaandam  there  is  a  swingbridge  for  the  railroad  from  Amsterdam 
to  den  Velder. 

The  railway  bridge  at  Velsen  offers  a  passage  19.20  m.  wide,  the 
bridge  for  ordinary  traffic  one  19.25  m.  wide;  the  railway  bridge  near 
Zaandam  two,  19.50  and  19.15  m.  wide. 

The  banks  of  the  canal  are  further  connected  by  two  ferries,  at 
Bentenhuizen,  by  one  near  Zaandam  and  by  a  steam  cable  ferry  at 
Amsterdam. 

On  Plate  VI  has  been  drawn,  in  the  first  place,  the  cross  profile  of 
the  canal  at  the  outset.  With  regard  to  the  depth  it  should  be  ob- 
served that  the  drainage  interests  of  the  surrounding  country  made  a 
level  of  I  m.  below  A.  P.  desirable,  a  level  which  every  effort  is  made 
to  maintain  as  best  may.  The  drainage  and  outlet  arrangements  now 
extant  have  to  this  date  proved  inadequate  to  perform  this  task  without 
interruption,  and  a  higher  level  is  accordingly  not  unfrequent. 

The  conditions  of  the  concession  (charter)  granted  to  the  Amsterdam 
Canal  Company  stipulated  a  depth  of  7  m.  below  the  canal  level  and 
a  bottom  width  of  27  m.,  the  slojjes  on  either  side  not  to  be  steelier 
than  2  base  to  1  rise.  At  the  opening  of  the  North  Sea  locks  for  traffic, 
neither  the  main  canal  nor  the  side  ciits  Avere  found  to  contain  the 
requisite  draught  of  water.  Vessels  drawing  more  than  5  m.  could, 
for  the  time  being,  not  be  admitted  to  the  main  canal.  Gradually 
this  state  of  things  changed  for  the  better,  the  profile  of  the  canal  was 
not  only  deepened,  but  also  enlarged  at  several  jaoints.  Even  before 
the  opening  of  the  canal  the  City  of  Amsterdam  had  entered  into  an 
agreement  respecting  this  enlarging  of  the  canal  and  this  increase  of 
depth  to  8.2  m.  below  A.  P.,  or  to  7.7  m.  draught. 

The  task  was  performed  between  the  years  1877  and  1883,  while,  in 
addition,  a  widening  of  the  canal  in  the  cutting  through  Bentenhuizen 
was  brought  about  in  1887.  In  this  way  the  canal  obtained  the  ijrofile 
represented  in  Figs.  2,  3  and  4  of  Plate  VI. 

The  present  Special  Regulations  of  Police  for  the  North  Sea  Canal 
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(established  by  Royal  Decree  of  May  23d,  1892,  Official  Gazette,  113) 
allows  to  vessels  entering  the  canal  a  maximum  of  draught,  wherever 
measured,  of — 

7.30  m.    at  a  level   of   0.30  m.  below  A.  P.  and  higher. 
7.20  "  "  "  0.40 

7.10  "  "  "  0.50 

"With  a  view  to  the  draught  of  inward-bound  vessels  being  increased 
through  their  passing  from  sea  water  into  fresh  or  brackish  water, 
the  regulations  direct  that  for  the  draught  such  vessels  will  get  in 
the  canal  a  standard  of  0.1  m.  shall  be  added  to  their  draught  in  the 
outer  harbor  or  outer  canal.  The  maximum  of  breadth  allowed  to 
vessels  is  now  17.75  m.  for  the  main  canal;  the  maximum  of  length, 
115  m. ,  for  lockage  through  the  North  Sea  locks,  and  90  m.  for  lock- 
age through  the  Orange  locks  at  Schellingwoude.  The  present 
dimensions  of  the  canal  and  harbor  are  by  no  means  calculated  to  open 
the  way  to  the  docks  of  Amsterdam  to  the  largest-sized  ships,  although 
they  could  pass  the  new  locks  at  Ymuideu.  The  stages  for  loading 
and  unloading  vessels  will  also  require  important  imj^rovements  before 
they  are  fit  for  the  giants  of  modern  navigation. 

It  is  intended  to  carry  out  the  necessary  improvements  and  enlarge- 
ments by  easy  stages,  while  it  is  in  no  way  considered  peremj^tory  for 
all  the  works  to  have  received,  at  the  time  the  new  lock  will  be  com- 
pleted, dimensions  corresjjonding  to  those  of  the  latter.  The  excessive 
depth,  width  and  length  of  that  lock  have  been  thus  fixed,  not  with  a 
view  to  immediate  necessity,  but  are  reserved  for  the  "ship  of  the 
futiire."  On  a  jDreceding  page  mention  has  been  made  of  an  increase 
of  dej)th  to  be  given  to  the  channel  of  the  Outer  canal  in  the  years  to 
come. 

In  1889,  indeed,  the  deepening  of  the  canal  to  9  m.  below  A.  P. 
was  commenced.  The  work  is  now  in  full  progress,  and  will  be  quite 
finished  in  1896.  This  enlargement  of  the  canal  is  due  to  the  notion 
that  for  the  nearest  future  it  will  be  sufficient  to  expect  vessels  of  the 
following  dimensions:  Length,  173  m. ;  breadth  of  beam,  15.5  m. ; 
draught,  8  m. 

On  Plate  YI,  Figs.  5  and  6,  the  dimensions  of  this  new  canal  profile 
have  been  given. 

As  the  "  shii)  of  the  future  "  is  anticipated,  in  connection  with  the 
dimensions  of  the  new  lock  at  Ymuiden,  a  vessel  220  m.  long,  20  m. 


i06         KEMPEES  ON  THE  NOETH  SEA  CANAL  OF  HOLLAND. 

broad  and  having  a  draught  of  9.3  m.  On  Plate  VI,  Fig.  7  rejj resents 
the  midship  sections  of  two  such  vessels  abreast  in  a  cross-section 
of  the  canal. 

If  Amsterdam,  after  a  short  lapse  of  time,  through  ever-increas- 
ing prosperity,  require  the  profile  here  sketched  for  its  canal,  millions, 
indeed,  will  be  needed  to  bring  about  that  consummation,  but  they 
would  certainly  be  well  spent  where  the  interests  of  one  of  the  vital 
l^arts  of  the  country  are  at  stake.  It  is  hardly  necessary  to  observe 
that  the  before-mentioned  bridges  across  the  canal  will  also  have  to 
be  widened  in  the  future  or  ■will  have  to  be  supi^lanted  by  other 
arrangements. 

The  docks  and  quays  at  Amsterdam,  partly  dating  from  olden 
times,  but  considerably  improved  after  the  construction  of  the  North 
Sea  Canal,  are  sui^erintended  by  the  municiijal  authorities  and  by  the 
railway  comjianies  concerned.  The  trade  of  Amsterdam  is  charged 
with  the  responsibility  of  keej)ing  its  docks  and  harbor  up  to  the 
requirements  of  the  present  time. 

A  Commission  appointed  by  the  Board  of  Trade  at  Amsterdam 
23ublished  a  short  time  ago  an  imjiortant  account,  proposing  numerous 
improvements.  * 

Amsterdam  is  the  trysting  jslace  of  international  and  inland  navi- 
gation; an  extensive  system  of  canals  and  railroads  connects  the  city 
with  all  the  jjarts  of  the  country.  The  North  Sea  Canal  itself  extends 
eastward  as  far  as  the  Schellingwoude  Dam,  where  ships  are  admitted  to 
the  canal  connecting  Amsterdam  with  the  River  Merwede,  and  where 
the  Orange  locks  are,  day  and  night,  giving  a  passage  to  a  countless 
fleet  of  fishing  and  other  small  craft  from  the  Zuyder  Zee  to  Amsterdam 
and  vice  versa. 

The  embankment  and  also  the  locks  at  Schellingwoude  have  already 
been  described  in  the  paper  by  J.  G.  Barnard.  No  change  worth 
mentioning  occurred  to  these  works  after  the  completion  of  the  canal. 

The  principal  dimensions  of  the  locks  may  be  here  recapitulated. 

Great  tide  lock,  containing  three  pair  of  flood  gates  and  two  pair  of 
ebb  gates,  width,  18  m. ;  depth,  4.5  m.  below  A.  P.;  length  of  the 
lock  pond,  96  m. 

Northern  small  lock,  containing  three  pair  of  flood  gates  and  two 

*  Report  of  the  Commission  for  the  Encouragement  of  Transit  Traffic  via  Amsterdam  to 
the  Board  of  Trade  and  Industry  at  Amsterdam  (Amsterdam  Municipal  Printing  Works,  1891). 
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pair  of  ebb  gates,  width,  14  ni. ;  cleiDtli,  4.5  m.  below  A.  P.;  length 
of  the  lock  pond,  72.80  m. 

The  southern  small  tide  lock  is  exactly  the  same  as  the  northern. 

Outlet  sluice  containing  two  pair  of  flood  gates  and  one  jaair  of  ebb 
gates,  width,  10  m. ;  depth,  4.50  m.  below  A.  P. 

Drainage  sluices  underneath  the  drainage  machine;  three  openings 
containing  a  pair  of  ebb  gates  and  two  pair  of  flood  gates  each;  each 
sluice  4  m.  wide,  3.80  m.  deep  below  A.  P. 

An  important  work  is  now  in  course  of  construction,  to  protect  the 
water-way  outside  the  embankment  at  Schelliugwoude.  The  condition 
of  the  open  Y  east  of  the  dam  at  Schelliugwoude  has  undergone  great 
changes  through  the  construction  of  this  bar.  The  new  enclosed  Y 
and  the  Wykermeer  behind  it  formerly  served  as  a  large  basin  filling 
and  emptying  itself  regularly  at  every  tide,  and  in  that  way  causing 
see-sawing  currents  powerful  enough  to  maintain  in  front  of  Amster- 
dam and  eastward  alongside  the  northern  shore  as  far  as  the  Durgerdam 
lighthouse  a  channel  of  considerable  width  and  depth.  This  process 
having  ceased,  Amsterdam  consequently  has  been  relieved  of  the  great 
trouble  caused  by  the  deposits  of  silt  in  its  harbors  and  docks. 

But  this  silt  is  now  being  deposited  outside  the  bar,  where  it  finds 
a  favorable  place,  and  it  woiild,  if  nothing  were  done,  threaten 
the  navigation  from  and  to  Amsterdam  across  the  Zuyder  Zee  with 
total  destruction.  A  glance  at  the  hydrographic  charts  and  a  mutual 
comparison  of  these  lead  to  the  conviction  that  the  danger  is  not  an 
imaginary  one.  The  lines  indicating  depths  of  25,  33  and  50  dcm. 
below  low  water  should  here  be  considered. 

Fig.  1,  on  Plate  VII,  represents  the  state  of  afiairs  according  to  the 
soundings  of  1848,  before  the  construction  of  the  embankment  at 
Schelliugwoude  had  been  taken  in  hand.  A  vessel  leaving  Amsterdam 
for  the  Zuyder  Zee,  to  sail,  for  instance,  to  Frisia,  could  follow  these 
channels  offering  a  draught  of  water  of  75,  50  and  33  dcm.  to  a  point 
some  distance  past  the  Ydaarn.  At  this  point  the  broad  shallow  flat 
began,  marked  off  on  either  side  by  a  line  indicating  depths  of  33 
dcm.,  called  the  "  Pampus."  After  having  crossed  this  shoal,  the  deep 
was  once  more  gained. 

Fig.  2,  Plate  VII,  represents  the  state  of  affairs  in  accordance  with 
the  soundings  of  1888.  Between  the  Orange  locks  and  the  Ydaarn  the 
depth  has   considerably   decreased,  and  nowhere   is   a  depth   of  33 
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dm.  below  low  water  to  be  found.  A  few  stray  patches  of  the  channel 
between  the  Orange  locks  and  the  Durgerdam  light-tower  still  have  a 
draught  of  water  of  more  than  25  dcm.  below  low  water. 

The  same  thing  may  be  seen  in  Fig.  3,  Plate  VII,  being  a  chart  of 
very  recent  date,  so  that  part  of  the  bar  under  construction  has  already 
been  rejjresented  as  finished.  The  construction  of  this  bar  may  be 
considered  as  the  opening  of  a  battle  against  the  elements  of  Nature, 
fought  for  the  creation  and  maintenance  of  a  commensurate  channel 
for  navigation  stretching  beyond  the  Pampus.  The  dam  or  bar 
extends  from  the  Orange  locks  to  a  point  opposite  the  Durgerdam 
light-tower  and  is  composed  of  two  straight  parts  connected  by  a 
curve  of  a  radius  of  2  000  m. 

The  construction  of  the  bar  was  decided  upon  after  the  fact  had 
been  incontestably  proved  that  mere  dredging  in  the  open  Y  could 
not  keep  up  a  stationary  depth.  A  single  gale  appeared  capable  of 
destroying  the  work  joerformed  by  the  dredgers.  Hopes  are  enter- 
tained that  when  the  bar  shall  have  been  finished  a  channel  may, 
without  great  trouble,  be  cut  and  maintained  in  the  north  side  of  it, 
the  dimensions  of  which  have  provisionally  been  fixed  at  :  Bottom 
width,  225  m. ;  depth  below  ordinary  low  water,  2.6  or  2.7  m.  The 
execution  of  this  subdivision  of  the  work  will  be  delayed,  however, 
until  there  is  a  call  for  it,  which  is  as  yet  not  the  case. 

The  formation  of  the  soil  in  the  open  Y  is  very  oozy,  as  may  appear 
from  the  details  on  Plate  "VTI,  where  Figs.  4,  5,  and  6  rejireseut  the 
result  of  three  borings  i^erformed  in  the  axis  of  the  bar  at  distances 
from  the  embankment  of  1  185,  3  304  and  4  250  m.  A  stratum  of 
very  soft  clay,  here  and  there  intermingled  with  fen,  sand  and  shells, 
reaches  to  5  or  6  m.  below  A.  P. ;  a  substratum  of  considerable  thick- 
ness of  grayish-blue  clay  reaches  to  11  or  12  m.  below  A.  P. ;  then 
follows  sand,  with  saudwichings  of  clay,  in  which  feu  is  also  found 
here  and  there,  on  the  whole  characterized  by  the  absence  of  shells. 
At  a  depth  of  17.5  m.  below  A.  P.  pure,  fine-grained  sand  makes  its 
appearance. 

In  laying  down  the  plan  for  the  bar  the  oozy  nature  of  the  soil  had 
to  be  kept  in  view,  and  many  arguments  led  to  the  construction 
simply  by  means  of  sand.  In  the  first  place,  the  embankments  of  the 
outer  harbor  of  the  Merwede  Canal  had  been  formed  in  the  same  way 
on  a  foundation  soil  naturally  possessing  many  features  in  common 
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with  that  of  the  projected  bar.  But,  in  the  second  place,  it  seemed  a 
great  advantage  to  draw  upon  the  ground  destined  for  the  fisheries 
harbor  at  Ymuiden  for  the  necessary  sand.  In  this  way  one  work 
accomplished  two  results. 

Concerning  the  quantity  of  sand  required,  great  uncertainty  pre- 
vailed. In  consulting  the  experience  gained  at  the  Merwede  Canal, 
as  before  mentioned,  140  or  150  cu.  m.  per  meter  length  might 
be  assumed  as  the  quantity  required.  In  order,  however,  to  spare  the 
contractors  any  risk  this  uncertainty  might  give  rise  to,  the  contract 
conditions  that  a  quantity  of  600  000  cu.  m.  of  sand  is  to  be  reserved 
for  the  construction,  while,  in  case  more  or  less  should  be  wanted, 
compensation  would  be  granted  on  either  side  at  the  rate  of  40  cents 
per  cubic  meter. 

The  work  was  contracted  for  on  December  1st,  1889,  the  execution 
was  commenced  in  the  spring  of  1890.  In  the  beginning  things 
got  on  all  right;  according  to  an  observation  made  at  a  distance 
of  500  m.  from  the  embankment  it  apjjeared  that  even  less  sand  was 
required  than  had  been  anticipated.  Matters  suddenly  took  a  different 
turn,  however,  when  the  bar  had  advanced  to  a  distance  of  2  000  m. 
from  the  embankment.  The  soil  proved  at  that  point  to  be  of  an 
uncommonly  oozy  nature,  so  that  four  or  five  times  the  quantity  of 
sand  originally  thought  necessary  was  poured  in.  The  occasion 
seemed  to  warrant  an  inquiry  into  the  bearing  of  the  sand  upon  the 
foundation  soil.  The  inquiry  was  performed  by  means  of  borings,  the 
result  of  which  have  partly  been  represented  on  Plate  VII  in  six 
cross-sections  (Figs.  7-12).  In  the  first  two  sections,  at  distances  of 
500  and  1  185  m.  from  the  embankment,  the  sand  has  penetrated  to 
6  or  7  m.  below  A.  P.,  and  on  comparison  with  the  results  of  the 
borings,  especially  of  boring  No.  1,  it  appears  that  the  so-called  "old  " 
grayish-blue  clay  is  of  sufficient  stability  to  bear  the  weight  of  the 
sand  bar. 

The  aforesaid  unfavorable  section  was  then  reached  at,  to  all  ajDpear- 
inces,  a  very  deep  channel  silted  up  in  a  later  period,  and  a  glance  at 
the  cross  iirofiles  shows  that  at  a  distance  of  2  320  m.  from  the  em- 
bankment the  sand  has  penetrated  to  a  maximum  depth  of  22  m. 
below  A.  P. ,  where  it  has  found  a  layer  of  blue  coarse  sand  and  gravel 
to  support  it.  It  should  further  be  observed  that  m  order  to  allow 
the  sand  to  penetrate  as  far  as  possible  into  the   soil,  the   bar   was 
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primarily  raised  to  a  level  of  2  m.  above  A.  P.  No  finish  being  given 
to  it  before  the  bar  had  entirely  settled,  when  the  surplus  of  sand  v/as 
removed. 

At  a  distance  of  2  800  m.  from  the  embankment  the  stability  of 
the  soil  increases.  The  depth  to  which  the  sand  penetrates  is  there 
11.60  m.  below  A.  P.  at  the  utmost,  while  the  quantity  of  sand 
required  per  meter  length  has  come  down  to  268  cu.  m.  Eecent  calcu- 
lations have  led  to  the  supposition  that  for  the  whole  bar  900  000 
cu.  m.  of  sand  will  be  wanted,  i.  e.,  one-half  more  than  the  original 
estimate. 

Figs.  13  and  14  on  Plate  "VTI  show  the  j)rotection  of  the  crown 
and  slopes  as  originally  designed.  The  crest  reaches  to  1.20  m.  above 
A.  P.,  and  the  cross-section  presents  the  form  of  a  shell.  The  ground 
plan  of  the  crown  and  slopes  and  berms  is  altogether  13  m.  broad, 
and  as  it  would  have  been  very  expensive  to  cover  this  whole  ai'ea 
along  its  entire  length  (of  4  300  m.)  and  breadth  with  stone  slopings, 
another  means  of  protection  has  been  resorted  to. 

The  protection  now  consists  of  a  lauddling  of  clay  covered  with 
rushes  strewn  with  brick  rubble  underlying  a  stone  rubble;  70  tons  of 
stone  will  be  used  per  100  sq.  m.  Concerning  the  slopes  it  has  been 
supposed  that  in  some  places  the  pressed-up  soil  will  form  a  natural 
berm,  making  further  protection  unnecessary,  while  on  those  points 
where  the  bottom  of  the  sea  is  of  greater  stability,  fascines  would  have 
to  be  applied. 

With  regard  to  this  detail  the  result  fell  short  of  the  expectations. 
Berms  of  pressed-up  matter  have  indeed  been  everywhere  found,  but 
now  that  some  portions  of  the  bar  have  during  two  years  been  settling 
down,  it  ajjpears  that  the  berms  either  miss  the  desired  height  here 
and  there  or  have  been  gradually  washed  away  by  the  surf  in  rough 
weather.  The  foot  of  the  stone-faced  berms  then  loses  its  support,  and 
falls  and  shifting  are  the  consequences.  The  protection  at  the  foot 
had  therefore  to  be  extended. 

Two  systems  of  protection  have  been  designed.  They  may  be  seen 
on  Plate  VII,  Figs.  15  and  16,  and  keep  the  middle  between  the  two 
extremes  conditioned  by  the  contract. 

In  looking  over  these  profiles  it  should  be  borne  in  mind,  however, 
that  the  bar  has  been  represented  on  these  drawings  without  the 
changes  its  settling  down  is  expected  to  bring  about.     It  is  hoped  that 
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the  bar  will  be  finislied  in  1893.  Inclusive  of  the  compensation  for 
the  additional  sand,  the  cost  will  amount  to  about  850  000  guilders. 

Another  important  work  in  course  of  construction  at  Schelling- 
woude  is  the  building  of  a  new  drainage  machine  to  be  substituted 
for  the  present  one.  This  machine  will  have  to  contribute  to  the 
maintaining  of  the  level  adopted  for  the  North  Sea  Canal.  For  a  part 
this  is  done  by  sluicing  through  the  locks  and  by  sluices  at  Ymuiden 
and  at  Schellingwoude.  At  Ymuiden  this  operation  is  a  great  nuis- 
ance to  trade,  a  nuisance  which  will  not  disappear  even  when  the  new 
tide-lock  shall  be  ready. 

At  the  Orange  locks  the  opportunity  for  letting  out  water  is  quite 
rare  owing  to  the  little  difference  between  flood  and  ebb  tide  (on  an 
average  the  former  reaches  to  0.074  m.  above  A.  P.,  the  latter  to 
0.31  m.  below  A.  P.).  This  is  especially  the  case  when  it  is  most 
wanted.  Through  the  influence  of  weather  and  wind  the  Zuyder 
Zee  level  may  sometimes  be  kejit  very  high.  It  has  been  observed, 
for  instance,  that  from  1882  till  1887  the  average  level  of  the  sea  at 
that  point  reaches  0.41  and  even  to  0.60  m.  above  A.  P.,  during 
periods  of  four  days  and  nights,  under  the  said  circumstances.  During 
the  very  rare  storm  tide  of  December  12th  to  16th,  1883,  it  reached 
0.80  m.  above  A.  P. 

The  quantity  of  water  which  may  be  discharged  into  the  canal 
varies  between  4  000  000  and  7  000  000  cu.  m.  per  24  hours.  Accord- 
ing to  observations  made  in  1889,  a  year  which  may  be  called  rather 
unfavorable,  the  increase  of  water  per  24  hours  may  amount  to  5  908  800 
cu.  m.,  and  consequently  the  increase  of  level  of  the  enclosed  Y,  cov- 
ering an  area  of  1  020  hectares,  amount  to  0.58  m. 

The  present  drainage  machine  at  Schellingwoude  possesses  three 
horizontal  turbines,  each  driven  by  a  separate  steam  engine,  improved 
in  1886  to  200  I.  H.  P.  During  the  testing  of  one  of  the  machines  in 
May,  1887,  at  a  difference  of  level  of  0.43  m. ,  the  number  of  revo- 
lutions of  the  water-shaft  per  minute  was  56.4,  and  the  discharge 
491  cu.  m.  per  minute,  corresponding  to  46.9  H.  P.,  so  that  the  eflic- 

46.9 
iency  appeared  to  be  i^,  or  23  per  cent.     Consumption  of  fuel  dur- 
ing the  testing,   7.5  kg.    per  hour  and  per  horse-power  water  lifted, 
an  unfavorable  state  of  things,  chiefly  owing  to  the  fact  that  for  small 
lifts  turbines  are  not  to  be  preferred. 
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At  a  diflference  of  level  of  0.85  m.,  a  common  occurrence,  when  the 
service  of  the  machine  is  chiefly  required,  it  can  discharge  per  24  hours 
1  075  000  cu.  m.  of  water,  equal  to  a  decrease  of  level  of  the  North 
Sea  Canal  of  10  cm. 

The  drainage  machine  now  under  construction  will  be  300  H.  P., 
and  at  a  difference  of  level  of  0.85  m.,  will  be  able  to  jiroduce  a 
decrease  of  level  of  22  cm.  in  24  hours.  The  usually  small  lift  here 
required  fixed  the  choice  of  apj^aratus  on  paddle-wheels.  The  only 
fit  site  for  the  machine  was  the  space  now  chosen  near  the  embank- 
ment, between  the  Orange  locks  and  the  point  of  issue  of  the  bar 
in  the  open  Y  ^ow  under  construction.  It  is  estimated  that  577 
I.  H.  P.  will  be  necessary  for  an  efliciency  of  300  H.  P.  water  lifted. 
The  number  of  wheels  has  been  fixed  at  six,  their  diameter  at 
8.5  m.,  their  breadth  at  3  m.  Immersion  1.55  m.  at  a  level  of  0.3  m. 
Iselow  A.  P. 

On  July  30th,  1891,  a  contract  was  made  for  149  500  guilders, 
for  the  building,  fitting  and  maintenance  of  the  engines,  the  boilers 
and  the  paddle-wheels,  for  a  drainage  machine  at  Schellingwoude 
TDelonging  to  the  North  Sea  Canal  works.  These  works  are  in  course 
of  construction.  The  princijial  arrangements  will  be  as  follows : 
Two  compound  engines,  having  high  pressure  cylinders  0.62  m. 
diameter,  and  low  pressure  1  m.  diameter  by  1.3-m.  stroke.  Number 
of  indicated  horse-power,  289  per  engine.  There  will  be  six  boilers 
10  m.  long  and  2.2  m.  in  diameter,  Cornish  system,  with  internal 
stoking  spaces  and  Galloway  tubes.  The  proportion  of  the  number  of 
revolutions  of  the  water-shaft  to  that  of  the  revolutions  of  the  main 
shaft  is  1  to  10,  effected  by  double-tooth  wheel-gear.  Consumption  of 
steam  under  normal  circumstances,  7.5  kg.  per  indicated  horse-jjower 
per  hour.  Consumption  of  fuel  1  kg.  (of  Ruhr  coals)  per  9.5  or  10 
kg.  of  steam.  Efficiency  of  the  machine  under  average  expansion  is 
300  H.  P.  water  lifted  by  the  wheels  from  a  canal  level  of  30  cm.  below 
to  a  sea-level  of  0.85  m.  above  A.  P. 

While  these  engines  and  wheels  are  constructing  at  the  factory,  a 
sand  dumijing  has  been  carried  out  on  the  site  the  drainage  machine 
is  to  occupy  in  the  enclosed  part  of  the  Y>  in  order  to  improve  the 
foundation  soil.  This  was  finished  at  the  end  of  June,  1892,  and  cost 
72  600  guilders. 

Ou  Plate  Vin,  Figs,  a  to/,  has  been  rei^resented  the  depth  to  which 
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the  sand  has  penetrated  and  i^ressed  away  the  clay.  In  order  to  pre- 
vent these  borings  from  causing  springs  which  might  afterwards  seri- 
ously impede  the  construction  of  the  engine-house,  the  boring  tubes 
have  been  left  in  the  holes,  and  been  filled  up  with  Portland  cement 
mortar  after  the  operation. 

On  July  21st,  1892,  the  foundations  of  the  engine-house,  here 
referred  to,  as  they  were  to  be  laid  on  the  improved  soil,  were 
contracted  for.  The  work  will  cost  89  430  guilders,  and  is  now  in 
course  of  execution.  The  chief  conditions  of  the  contract  are 
the  laying  of  2  500  sq.  m.  of  flooring,  by  means  of  timbers  sup- 
ported by  about  2  200  piles,  the  top  of  the  floor  reaching  to  2.72  m. 
above  A.  P. 

In  a  short  time  the  building  of  the  engine-house  itself  will,  in  all 
jDrobability,  be  contracted  for. 

Plate  VIII  gives  the  ground  plan  as  it  was  designed  in  connection 
with  the  works  already  in  course  of  execution,  together  with  a  front 
view  in  perspective,  as  it  was  provisionally  designed  for  the  building 
to  be  erected  on  this  plan. 

In  order  to  give  an  insight  into  the  importance  to  navigation  of 
the  North  Sea  Canal,  a  statistical  table  is  given  below  concerning  the 
traffic  through  the  North  Sea  locks,  and  through  those  at  Schelling- 
woude. 


Number  of  sea-going  vessels  having  passed  the  Ymuiden 

locks  in  both  directions. 

Year. 

Number. 

Tonnage  (cubic  meters). 

1877. 

3  376 

2  283  305 

1878. 

3  242 

2  516  310 

1879. 

4  013 

3  008  694 

1880. 

4  495 

3  395  109 

1881. 

4  603 

4  590  321 

1882. 

4  674 

5  175  695 

1883. 

6  590 

5  437  291 

1881. 

5  435 

5  932  362 

1885. 

5  811 

5  962  657 

1886. 

6  942 

6  253  125 

1887. 

6  236 

8  214  732 

1888. 

6  859 

8  653  521 

1889. 

6  794 

8  891011 

1890. 

7  752 

9  428  112 

1891, 

8  149 

10  227  504 

1892. 

8  043 

10  485  138 
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Number  of  eea-going  vessels  and  river  craft  having  passed  tlie 

Scbellingwoude  locks  in  both  directions. 

Years. 

Sea-going  vessels. 

River  craft. 

Number. 

Tonnage  (in  cubic 
meters). 

Number. 

1884. 

120 

66  461 

84  609 

188S. 

104 

60  668 

85  928 

1886. 

67 

38  170 

85  172 

1887. 

66 

27  260 

89  437 

1888. 

41 

20  960 

77  638 

1889. 

33 

13  946                 ' 

84  709 

1890. 

20 

4  677 

79  766 

1891. 

14 

6  577 

106  818 

1892. 

17 

3  181 

94  063 

Canal  and  Harbor  Dues. 

From  the  beginning  different  dues  liave  been  levied  on  the  North 
Sea  Canal,  viz.,  harbor  dues,  canal  dues  and  stage  dues. 

These  dues  have  been  for  the  most  part  abolished  by  virtue  of  an 
agreement  drawn  up  between  the  State  of  the  Netherlands  and  the 
municipal  authorities  of  Amsterdam,  Zaandam  and  Westzaan,  ratified 
by  the  law  of  June  28th,  1890. 

According  to  these  agreements  the  Government  canal  and  harbor 
dues  were,  dating  from  July  1st,  1890,  abolished  for  ships  bound  for  or 
coming  from  the  said  places,  while  the  levying  of  stage  dues  of  those 
ships  was  also  suspended. 

Sea-going  vessels  or  steamers  bound  for  Amsterdam,  Zaandam  or 
Westzaan  are  therefore  exempt  from  all  dues. 

Appendix. 
I.— Dutch  measures  compared  with  American  and  English: 

a.  Measures  of  length:  Meter  (1  000  mm.,  100  cm.,  10  dcm.)  3.28  ft. 

b.  Measures  of  area:    Square  meter  (1  000  000  sq.  mm.,  etc.)  10.76 

sq.  ft. ;  hectare,  107  641  sq.  ft. 

c.  Solid  measures:  Cubic  meter  (1  000  000  000  cu.  mm.,  etc.)  35.31 

cu.  ft. 

d.  Measures   of   weight:    Kilogram    (1000  gm.,  100  dkg.,  10   hg.) 

2.20  lbs.  avoirdupois;  ton  =  0.98  ton  English. 
II. — Dutch  money  compared  with  American  and  English: 
Guilder  (100  cents)  =  about  fO.40  =  0.08  £. 
Cent  =  about  0.40  American  cent  =  0.00083  £. 
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List  of  Plates. 

Strategical  map. 

Construction  of  the  j)iers  at  Ymuiden. 

HvdrograiJliic  chart  giving  a  view  of  Ymuiden  Harbor. 

Day  and  night  signals  at  Ymuiden. 

New  locks  at  Ymuiden  (in  course  of  construction). 

Cross  profiles  of  the  North  Sea  Canal. 

Embankment  bar  in  the  ojjen  Y  (in  course  of  construc- 
tion). 

Steam  drainage  machine  at  Schellingwoude  (in  course  of 
construction). 
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NOTES    ON    PROJECTS    FOR  THE    NORTH    SEA 
CANAL  FROM  1629-1893. 


By  A.  HuET,  C.  E. 


Prepared  for  the  International  Eng'ineering'  Congress  of  the 
Columbian  Exposition,  1893. 


The  United  Netherlands  owed  their  political  independence  in  the 
17th  century  in  a  large  measure  to  the  prosperity  of  the  Dutch  sea 
trade,  which  in  those  times  embraced  nearly  one-half  of  the  European 
commerce.  The  chief  center  of  its  extensive  shipping  was  the  rich 
city  of  Amsterdam,  capital  of  the  prosperous  province  of  Holland  and 
situated  on  the  south  side  of  a  creek  or  inlet  of  the  Zuider  Zee,  called 
the  Y.  This  creek  offered,  over  a  short  length,  a  depth  of  30  ft. ,  but 
opposite  the  city  the  bottom  silted  up  and  the  entrance  to  the  creek 
was  barred  by  a  shoal,  called  Pampus,  which  hardly  offered  10  ft.  of 
water. 

To  get  rid  of  the  mud  banks  in  the  port,  Burgomaster  Hudde 
in  the   17th    century  invented   the   mud-dredger,  prototype   of    the 

Note. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  in  the  number  for  December,  1893. 
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present  dredging  macliines;  and  the  passage  of  the  bar  was  made  pos- 
sible by  the  invention  of  "the  ship  camel,"  a  kind  of  floating  caisson 
which  was  attached  to  the  side  of  a  ship  and  lifted  her  over  the  shoal. 

In  1825  a  canal  of  80  km.  length,  parallel  to  the  sea  coast,  was  made 
to  connect  Amsterdam  to  the  port  of  Nieuwe-Diep,  and  some  time 
afterwards  sluice  docks  were  constructed  to  jjrovide  for  better  ship 
accommodation  at  Amsterdam.  These  works  proved  srifficient  in 
their  days,  but  the  advent  of  steam  navigation  necessitated  the  open- 
ing of  a  shorter  route  to  the  North  Sea. 

A  series  of  projects  for  a  canal  direct  to  the  coast  were  made,  which 
resulted  in  the  construction  of  the  present  North  Sea  Canal,  with  locks 
on  both  ends,  opened  for  commerce  in  1876.* 

First. — The  projects  from  1629-1823,  which  were  intended  to  connect 
the  Y  to  the  North  Sea  for  other  objects  than  the  commercial  wants  of 
Amsterdam. 

Second. — A  large  number  of  projects  from  1849-63  for  canals  with 
locks  at  both  ends,  between  Amsterdam  and  the  North  Sea. 

Third. — A  few  projects  from  1863-74  for  an  open  cutting  between 
the  North  Sea  and  the  Zuider  Zee  to  provide  a  free  access  to 
Amsterdam. 

The  author  of  this  notice  visited  Liverpool  in  1861  and  was  pro- 
foundly impressed  by  the  enormous  extension  of  trade  and  shipj)ing 
he  witnessed  in  that  port.  He  was  brought  to  consider  that  a  per- 
fectly free  access  to  the  Atlantic  Ocean  was  a  conditio  sine  qua  nan 
for  the  i^rogress  of  commerce  in  Amsterdam.  In  1862  he  obtained  a 
vote  of  the  Congress  of  the  "  Netherland  Society  of  Industry,"  that 
the  possibility  of  an  open  sea  canai  for  Amsterdam  ought  to  be  seri- 
ously examined.  A  sketch  design  was  given  by  him  in  1863.  In  the 
meantime  a  concessian  had  been  given  for  a  canal  with  sluices,  but  the 
works  progressing  slowly  in  1867  and  the  opening  of  the  Suez  Canal 
which  had  no  sluices,  being  at  hand,  the  author  obtained  from  the 
above-named  society  the  appointment  of  a  commission  to  examine  if  an 
open  sea  canal  was  possible  and  desirable. 

The  canal  with  locks  was  finished,  as  stated  above,  in  1876,  but  in 
the  meantime  the  dimensions  of  ocean  steamers  had  so  much  augmented 
that  very  soon  (in  1886)  larger  locks  j)roved  a  necessity,  and  such  are  at 

*  A  complete  survey  of  these  projects  as  far  as  they  were  published  is  given  in  a  paper 
read  before  the  Institution  of  Civil  Engineers  in  1889,  and  offered  by  the  author  to  the 
Congress  (No.  2). 


418 


HUET  ON  PROJECTS  FOR  NORTH  SEA  CANAL. 


HUET  ON  PROJECTS  FOR  NORTH  SEA  CANAL. 


419 


EOTTEKDAM. 


HAMBUKG. 


420  HUET  ON  PROJECTS  FOR  NORTH  SEA.  CANAL. 

present  in  course  of  construction.  The  author  urged  the  desirability 
of  an  open  ciitting  from  Amsterdam  to  the  sea  several  times  in  the  Insti- 
tution of  Civil  Engineers  and  read  a  paper  in  1884  on  this  subject.  *  The 
debates  on  this  subject  ended  in  1890  by  the  Institution  inviting  the 
author  to  make  a  i^reliminary  jaroject  of  an  open  sea  canal  and  by 
giving  him  the  assistance  of  an  Advisory  Commission  chosen  from  the 
members  of  the  Institution.  The  president  and  secretary  of  this  com- 
mission were  Messrs.  T.  P.  R.  Tale  van  Poortolich  and  C.  Lely,  who 
sometime  afterwards  became  Ministers  of  Interior  Affairs  and  of  Public 
Works  respectively. 

This  preliminary  jsroject  was  established  in  an  assembly  of  the 
Institution  on  February  14th  of  this  year  and  is  now  in  course  of 
Ijublication.  The  j^rincipal  feature  of  this  preliminary  project  is  an 
open  canal  between  Amsterdam  and  the  North  Sea;  length,  28  km.; 
breadth,  300  m. ,  and  depth,  10.82  m.  on  high  water-mark.f 

In  close  relation  to  this  open  canal  are  the  projected  harbor  works 
for  Amsterdam,  of  which  ilhistrations  are  given  herewith.  The 
illustrations  give  a  comparative  view  of  the  harbors  of  Hamburg 
and  Rotterdam  and  the  projected  harbor  works  of  Amsterdam.  The 
intention  of  the  project  is  to  have  harbor  accommodation  for  the 
largest  steamers  afloat,  as  the  tides  between  the  North  Sea  and  the 
Zuider  Zee  insure  sufficient  and  constant  depth  of  water. 

There  can  be  hardly  a  doubt  that  these  works,  if  executed,  would 
provide  a  safe  and  profitable  terminal  for  a  direct  line  of  first-class 
steamers  between  the  United  States  and  the  Continent  of  Europe, 
which  would  complete  advantageously,  the  new  American  line  from 
New  York  to  Southampton. 

Close  relations  have  always  existed  between  the  United  States  and 
the  United  Netherlands  who  founded  New  Amsterdam,  and  the 
sympathy  between  the  two  nations  was  sufficiently  proved  by  the  loan 
of  #35  000  000  subscribed  by  the  Dutch  during  the  War  for  Indepen- 
dence. 

It  would  certainly  prove  a  great  boon  for  both  nations  if  it  might 
be  possible  to  enable  old  Amsterdam  to  harbor  a  first-class  line  of 
steamers  running  between  New  York  and  Amsterdam,  bearing  the  stars 
and  stripes. 

*  A  copy  of  this  is  offered  to  the  Congress  (No.  1). 

t  A  copy  of  this  will  be  offered  to  the  Congress  (No.  3)  as  soon  as  it  is  published. 
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THE  NORTH  AND   EAST  SEA   CANAL. 


By  J.  FuiiSCHEE,  Geheimer  Baurath,  Member  of  Imperial  Board  of 
Canal  Commissioners  at  Kiel,  Germany. 


Translated  from  the  German  by  Kenneth  Ax,len,  M.  Am.  Soc.  C.  E. 


Prepared  for  the  International  Engineering  Congress  of  the 
Columbian  Exposition,  1893. 


PART  I. 
histoey  of  its  inception,  constkuction,  and  its  importance  in 
Uttlitaeian  and  Mllitary  Aspects. 
1.  History  of  the  Canal. — The  project  of  constructing  a  water-way 
between  the  North  and  the  East  seas,  which  would  avoid  the  tedious 
and  dangerous  voyage  around  Skagen,  and  connect  the  two  seas  more 
closely  in  a  manner  particularly  advantageous  to  Germany,  has  been 
discussed  for  more  than  five  centuries.  Three  of  the  projects  were 
actually  carried  out,  but  a  large  number  never  passed  beyond  the  i)re- 
liminary  work,  or  the  first  stages  of  construction.  The  completed 
works  are,  1st,  the  Strecknitz  Canal,  between  the  Trave  and  the  Elbe, 
built  in  the  years  1391-98  ;  2d,  the  Alster-Trave  Canal,  built  in  1525  ; 

Note.— Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneouely  in  the  number  for  December,  1893. 
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3d,  the  Eider  Canal  between  Holtenau  (Kiel)  and  Tonning,  built  in  the 
years  1777-84. 

The  first  two  canals,  of  which  the  Alster-Trave  Canal  was  destroyed 
in  the  year  1550,  should  truly  be  classed  with  those  inland  canals 
which  are  not  adapted  to  maritime  traffic,  even  under  the  conditions 
formerly  attending  navigation. 

The  natural  course  of  the  Eider  from  Tonning  to  Steinrade  was 
made  use  of  in  the  Eider  Canal,  to  connect  the  two  seas  ;  and  from 
thence  a  new  water-way  was  made  which  included  the  upper  Eider  as 
far  as  Flemhuder  Lake,  and  then,  after  breaking  through  the  water- 
shed north  of  the  city  of  Kiel,  reached  the  creeks  of  the  same  name. 

On  account  of  its  slight  depth,  its  many  windings  and  its  six  locks, 
this  canal  could  aid  navigation  but  slightly.  It  was  therefore  the 
earnest  wish  of  merchants  and  navigators  to  inaugurate  a  change. 

These  projects  served  military  and  political  ends  as  well  as  assist- 
ing commerce,  especially  where  they  were  promoted  by  the  Germans. 
On  this  account  none  of  them  have  succeeded  under  the  Danish  kings, 
who  held  entire  control  of  the  lines  of  commerce  through  the  Sund 
and  the  Belts. 

In  the  year  1864,  after  the  separation  of  Schleswig-Holstein  from 
Denmark,  the  Prussian  Ober-Baurath  Lentze  was  commissioned  by  the 
Prussian  Minister  of  Commerce  to  make  the  preliminary  examinations 
for  a  North  and  East  Sea  Canal. 

In  the  project  prepared  by  Lentze,  St.  Margarethen-Rendsburg- 
Eckernforde,  which,  at  the  request  of  the  Prussian  Minister  of  War, 
was  changed  to  St.  Margarethen-Rendsburg-Kiel,  the  canal  for  the 
first  time  assumed  the  shape  of  a  cut  at  sea-level  with  but  one  lock, 
at  the  point  where  it  enters  the  Elbe.  On  account  of  the  political 
events  of  the  year  1866,  this  plan  was  not  carried  out. 

Finally,  in  the  year  1878,  the  final  period  in  the  preliminary  history 
of  the  canal  began,  when  a  Hamburg  merchant  and  ship-owner,  H. 
Dahlstrom,  published  a  document  (The  Conditions  of  a  Schleswig- 
Holstein  Maritime  Canal  requisite  for  Revenue.  Hamburg,  1878),  and 
later  received  permission  from  the  Prussian  government  to  make  the 
preliminary  investigations  for  a  line  between  Brunsbiittel-Rendsburg- 
Kiel. 

In  May,  1881,  Dahlstrom  presented  the  preliminary  plans  for  a  canal 
from   Brunsbiittel,  through   Wittenberge,  Rendsburg,   Steinrade  and 
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Knoop  to  Holtenau  at  the  bay  of  Kiel,  whicli  he  had  prepared  with 
reference  to  their  technical  and  economical  aspects.  The  j)lans  pre- 
pared by  Lentze,  which  he  voluntarily  placed  at  Dahlstrbm's  disposal, 
served  as  a  most  essential  foundation.  In  them  the  Inspector  of  Water, 
ways,  Boden,  who  had  been  engaged  to  do  the  technical  work,  made 
some  important  alterations,  which  were  found  necessary  by  later 
experience  and  research. 

It  was  this  revised  plan  of  Lentze  which  (with  many  alterations, 
especially  influencing  the  cost)  was  used  as  foundation  by  the  Legis- 
lative bodies — the  Reichstag  and  the  Prussian  Landtag. 

The  construction  of  a  maritime  canal,  suitable  for  the  German 
flotilla  from  the  mouth  at  the  Elbe  via  Rendsburg  to  the  Bay  of  Kiel, 
at  the  cost  of  the  German  Empire,  was  approved  by  law.  May  16th,  1886, 
under  the  condition  that  Prussia  should  contribute  50  000  000  marks  in 
advance  towards  the  156  000  000  marks,  the  total  cost.  This  condition 
was  agreed  to  by  Prussia,  July  16th,  1886. 

On  July  17th,  1886,  a  special  commission  was  appointed,  under  the 
jurisdiction  of  the  Department  of  the  Interior,  and  entitled  The  Im- 
perial Canal  Commission,  to  carry  out  the  building  of  the  canal,  with 
headquarters  at  Kiel. 

The  building  of  the  canal  itself  was  inaugurated  by  the  laying  of  the 
corner-stone  on  June  3d,  1887,  by  the  Emperor  of  Germany,  William  I. 
A  period  of  eight  years  was  allowed  to  complete  it,  so  that,  according 
to  the  programme,  the  North  and  East  Sea  Canal  should  be  opened  in 
the  year  1895. 

2.  The  Line  of  the  Canal  (see  the  accompanying  map). — The  North 
and  East  Sea  Canal  runs  from  the  mouth  of  the  Elbe,  via  Rendsburg, 
to  the  bay  of  Kiel,  and  its  entire  length  is  98.65  km.  (61.31  English 
miles).  Starting  on  the  west  at  Brunsbiittel,  the  canal  at  a  distance  of 
20  km.  (12.43  English  miles)  passes  through  the  territory  of  the  Elbe 
Marsh,  which  at  many  places  is  below  the  water-level  of  the  projaosed 
canal,  and  through  the  lowlands  of  the  Burg-Kudeu  Lake,  arrives  then 
by  a  slight  rise  to  the  water-shed  between  the  Elbe  and  the  Eider  at 
Griinenthal,  at  an  elevation  in  round  numbers  of  24  m.  (78. 72  English 
ft.),  and  reaches  the  lowlands  of  the  Eider  at  40  km.  by  following  the 
valley  of  the  Gieselau. 

Traversing  the  valley  of  this  river  where  subject  to  inundation,  the 
included  moors,  and  the  Meckel  Lake,  the  canal  approaches  the  Eider 
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for  a  sliort  distance  at  Schiilp,  at  55  km.,  but  does  not  reacli  the  actual 
river-bed.  A  dike  is  built  above  high  water-mark,  between  the  Eider 
and  the  canal,  to  protect  the  latter  from  floods. 

The  valley  of  the  lower  Eider  is  left  again  at  Westerronfeld,  59  km. 

The  canal  passes  around  the  city  of  Rendsburg  on  the  south  side, 
reaches  the  upper  Eider  Lake  at  65  km. ,  and  follows  it  up  to  71  km. 
From  here  it  passes  into  the  territory  of  the  old  Eider  Canal,  whose 
course  was  used  as  much  as  possible,  although  with  important  straight- 
enings  and  shortenings.     It  ends  at  Holtenau,  in  the  harbor  of  Kiel, 

In  the  entire  length  of  the  canal  of  98.65  km.  (61.31  English  miles) 
there  occurs  a  fall  on — 


Curved 


62.15  km 

(38.62  miles)  = 
(  3.00   ••  )  = 

63.0.%' 



6  000  m 

(19  680  ft.) 

,  radius  4.82  " 

4.9^ 

5  000  " 

(16  400  "  ) 

"   5.52  " 

(  3.43   "  )  = 

5.6^ 

3  000  " 

(  9  840  "  ) 

"  13,23  " 

(  8,22   "  )  = 

13AH 

2  500  •' 

(  8  200  "  ) 

"   3.77  " 

(  2.34   "  )  = 

3.8^ 

2  000  '• 

(  6  560  "  ) 

"   0.98  " 

(  0,61   "  )  = 

1.0% 

1  700  " 

(  5  576  "  ) 

••   1.99  " 

(  1.24   "  )  = 

2.0X 

1  500  " 

(  4  920  "  ) 

"   2.99  " 

(  1.86   "  )  = 

3.0% 

1  000  " 

(  3  280  "  ) 

"   3.20  " 

(  1.99   "  )  = 

3.3% 

98.65  km,  (61.31  miles)  =  100.0% 

3,  The  Profile  of  the  Canal  (see  the  accompanying  map). — The  canal 
is  shown  here  in  a  section.  In  order  to  cut  it  off  from  the  variable 
water-levels  of  the  Elbe  and  the  East  Sea,  locks  are  built  at  both  ends. 
The  mean  water-level  in  the  canal  is  about  the  same  as  the  mean 
water-level  in  the  harbor  of  Kiel,  =  —0,23  (0.75  ft,). 

In  the  Elbe,  at  the  western  terminus  of  the  canal,  where  the  stage 
of  the  water  is  affected  by  the  regular  ebb  and  flood,  the  mean  high- 
water  level  lies  at  -f  1,29  (4.23  ft,),  the  mean  low- water  level  at  —  1.50 
(4.92  ft.). 

The  lock  in  the  Elbe  at  Brunsbiittel  will  generally  stand  open  dur- 
ing the  ebb  from  the  time  when  the  two  water-levels  are  equalized 
until  the  beginning  of  the  flood.  Vessels  can  go  freely  in  and  out  with 
every  tide  for  from  three  to  four  hours. 

The  lock  at  the  East  Sea  will,  on  the  other  hand,  generally  stand 
open,  in  consequence  of  the  fact  that  the  variations  in  the  water-level 
in  Kiel  harbor  are  usually  slight,  and  will  only  be  shut  when  the  water- 
level  outside  rises  higher  than  0.5  m.  (1,64  ft.)  above  mean  water,  or 
falls  an  equal  amount  beloAV  mean  water.  Both  conditions  may  be 
looked  for  together  in  about  25  days  of  the  year. 
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The  canal  lias  a  depth  of  9  m.  (29.52  ft.)  below  mean  water.  The 
bed  is  horizontal  from  the  eastern  terminus  at  Holtenau  to  Rendsburg, 
60  km.  From  here  to  the  western  terminus  at  Brunsbiittel  the  bed 
has  an  increasing  fall  of  from  1  :  200  000  to  1  :  25  000,  according  to  the 
fall  of  the  surface  which  is  formed  at  the  ebb  when  the  gates  of  the 
lock  at  Brunsbiittel  are  open. 

Dikes  are  built  up  on  both  banks  where  the  canal  traverses  low- 
lands which  lie  partly  below  the  surface  of  the  canal. 

4.  The  Gross-Section  (see  the  accompanying  map). — The  bed  of  the 
canal  in  the  straight  reaches  and  the  curves  of  over  2  500  m.  (8  200  ft. ) 
radius  has  a  width  at  the  bottom  of  22  m.  (72.16  ft.),  and  up  to  3  m. 
(9.84  ft.)  above  the  bed  a  3  to  1,  and,  to  4  m.  (13.12  ft.)  height,  a  2  to 
1  slope.  The  upper  portions  of  the  profile  are  built  diflferently  for  the 
reaches  in  the  lowlands  from  those  in  the  higher  lands.  In  the  latter 
reaches,  a  berm  at  a  height  of  7  m.  (22.96  ft.)  above  the  bed,  that  is, 
about  2  m.  (6.56  ft.)  below  the  mean  water-level,  connects  with  a  1^  to 

1  slope  protected  by  stone,  which  reaches  to  1  m.  (3.28  ft.)  above  the 
usual  water-level.  At  this  height  lies  a  second  berm  2.5  m.  (8.2  ft.) 
wide  which  joins  the  excavated  sloj^e  of  1^  to  1. 

In  the  lowlands  the  lower  berm  is  widened  on  both  sides,  in  order 

that  the  cross-section  may  be  widened  later  without  disturbing  the  dikes . 

The  dikes,  which  are  to  be  built  on  either  side,  are  given  slopes  of 

2  to  1  where  the  underlying  ground  has  sufficient  firmness — natural 
or  artificially  increased  by  laying  sand;  but  where  long  stretches 
have  a  soft  foundation,  in  order  to  distribute  the  pressure  as  much  as 
possible,  they  are  given  an  inner  slope  of  6  to  1. 

The  cross-section  of  the  canal  has,  at  the  lowest  stage  of  water, 
6.17  m.  (20.24  ft.)  depth  below  the  surface,  an  available  width  of  36  m. 
(118.08  ft.),  and  offers  a  passage  to  the  largest  steamers  employed  in 
the  East  Sea  traffic,  which,  with  a  few  exceptions,  have  a  draft  of 
not  over  6  m.  (19.68  ft.),  with  a  berm  of  12  m.  (39.36  ft.). 

In  curves  of  from  1  000  to  2  500  m.  radius  [R)  a  widening  of  the 

cross-section  is  given  of  26  —  :^^  m.  This  widening  amounts  to,  in 
the  curves,  of — 

1  000  m.  (3  280  ft.)  radius 16  m.  (52.48  ft.) 

1500"  (4920")      "      11"    (36.08") 

2  000  "  (6  560  ")      "      6  "    (19.68  ") 

2  500"  (8  200")      "      1  "    (  3.28  "  ) 
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5.  Facilities  for  Passing. — Opportunity  for  the  passage  of  large 
ships  of  war  is  provided  by  six  places  arranged  for  passing,  besides 
the  upjjer  Eider  Lake,  an  average  distance  apart  of  12  km.  (7.46  miles). 
These  passing  places  are  given,  including  the  passages,  a  length  of  450 
m.  (1  476  ft.),  and  a  width  at  the  bottom  of  60  m.  (196.8  ft.).  In  the 
Audorf  Lake,  east  of  Rendsburg,  there  is,  moreover,  a  f)lace  where 
vessels  of  any  size  can  turn  around. 

6.  Locks. — Locks  at  both  terminals  are  arranged  as  double  locks, 
each  with  two  openings — one  for  outgoing  and  one  for  incoming  vessels. 
Each  ojjening  is  given  a  clear  width  of  25  m.  (82  ft.),  and  a  chamber 
length  of  150  m.  (492  ft.). 

In  order  to  connect  the  canal  with  the  lower  Eider,  a  lock  will  be 
built  near  the  city  of  Rendsburg  with  a  width  of  12  m.  (39.36  ft.),  and 
a  length  of  chamber  of  68  m.  (223.04  ft.). 

7.  Bridges  and  Ferries. — Of  the  four  railroads  which  cross  the  canal,, 
two,  the  Itzehoe-Heide  and  the  Neumlinster- Rendsburg,  cross  on  draw- 
bridges of  unequal  spans,  with  50  m.  (164  ft.)  clear  span;  and  two,  the 
West  Holstein  and  the  Kiel-Flensburg,  cross  on  high  bridges. 

Of  the  latter,  the  bridge  at  Griinenthal,  which  is  already  finished,, 
has  a  length  between  supports  of  156.5  m.  (513.32  ft.).  It  is  con- 
structed with  chords  arched  in  the  form  of  a  sickle,  on  abutment  joints, 
and  the  track  is  half  the  height  of  the  arch. 

The  high  bridges  have  each  a  clearance  of  42  m.  (137.76  ft.)  above 
mean  water-level. 

The  drawbridges,  which  are  moved  by  hydraulic  power,  are  uni- 
formly constructed  with  a  single  track,  so  that,  in  the  case  of  the 
double-track  road  from  Neumiinster  to  Rendsburg,  each  track  is 
carried  across  on  a  special  drawbridge. 

The  highway  between  Rendsburg  and  Itzehoe,  which  is  much 
traveled,  crosses  the  canal  also  with  a  drawbridge,  constructed  simi- 
larly to  the  railway  sjaans. 

Beside  these,  ferries  are  provided  for  wagon  roads.  There  are 
fourteen  ferries,  making  one  for  each  7  km.  (4.35  miles). 

8.  Housing  and  Care  of  the  Workmen. — The  housing  and  care  of  the 
workmen  is  undertaken  by  the  Government. 

The  buildings  for  this  purpose  consist  of  camps  of  barracks  for 
from  100  to  350  men,  and  of  single  barracks  for  50  men  each.  Each 
camp  consists  of  a  government  building,  one  or  more  dormitories  and 
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tlie  necessary  oiit-buildings.  All  the  buildings  are  framed  and  of  one 
story.  The  Government  building  contains,  besides  a  government  office 
and  a  store  for  selling  food  and  clothing,  a  dining  and  assembly  hall  of 
180  sq.  m.  (1  936.8  sq.  ft.),  a  basement  with  kitchen,  jDantry,  laundry, 
disinfecting-room,  bathroom,  physician's  room  and  waiting-room. 

The  dormitories  have  rooms  which  can  be  heated,  containing  eight 
cots  each,  with  12  cu.  m.  (423.84cu.  ft.)  of  air  space  per  capita,  and  one 
or  more  rooms  for  inspectors. 

Workmen  who  become  sick  or  are  injured  are  treated  in  the  public 
hospitals  at  Brunsbiittel  and  Eendsburg,  in  the  Academical  hospitals 
at  Kiel,  and  in  two  hosiiitals  at  Burg  and  Hanerau,  s^jecially  erected 
by  the  Canal  Commission,  and  governed  by  their  own  officials. 
Especial  arrangements  are  made  for  taking  the  men  into  the  first- 
named  hospitals  and  into  the  Academical  hosjsitals. 

9.  The  Execution  of  the  Work. — The  preliminary  work  for  the  canal 
began  in  October,  1886.  It  had  j)rogressed  so  far  in  the  course  of  a 
year  that  they  were  enabled  to  acquire  the  right  of  way  in  the  fall  of 
1887,  and  to  make  contracts  for  the  earthwork  in  the  first  half  of  the 
year  1888. 

Excavation  was  begun  for  a  short  distance  in  the  vicinity  of  the 
western  terminus  in  March,  1888,  and  was  continued  in  October  of 
the  same  year.  The  construction  of  the  locks  was  begun  in  the  fall  of 
1890,  and  of  the  bridges  in  the  spring  of  1891. 

The  time  appointed  for  the  comi^letion  of  the  canal  was  the  year 
1895. 

The  total  quantity  of  earth  to  be  moved  consisted  in  round  num- 
bers of  80  000  000  cu.  m.  (2  825  600  000  cu.  ft.).  Up  to  the  present 
time,  April  1st,  1893,  about  60  000  000  cu.  m.  (2  119  800  000  cu.  ft.) 
have  been  moved.  The  monthly  average  in  the  year  1892  was,  ajj- 
proximately,  1  400  000  cu.  m.  (49  450  000  cu.  ft.). 

For  the  removal  of  earth,  there  were  in  use  in  the  year  1892  : 
20  land  excavators. 
42  floating  dredges  and  excavators, 
65  locomotives. 
1  790  wagons. 
662  carts  and  wheel-barrows. 

11  steam  scows. 
124  transport  scows  (sloop  rigged). 
37  tugboats. 
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The  number  of  workmen  employed  averaged,  in  the  winter  and  fall 
months  of  1892,  5  785;  in  the  spring  and  summer,  8  270. 

10.  The  Cost  of  the  Canal. — The  entire  cost  of  the  canal  was  estimated 
at  156  000  000  marks,  or,  for  each  kilometer,  1  580  000  marks  (1  mile  = 
2  544  450  marks  =  £124  728).  Judging  by  previous  and  existing  con- 
ditions, we  can  safely  assume  that  this  will  not  be  exceeded. 

11.  The  Significance  of  the  Canal. — The  significance  of  the  canal  is 
both  military  and  economic.  The  military  significance  consists  in 
having  a  connection  between  the  North  and  East  seas  for  the  German 
fleet,  independent  of  foreign  countries,  so  that  they  may  pass  unhin- 
dered and  unseen  from  the  East  Sea  to  the  North  Sea  and  vice  versa. 

The  economic  significance  of  the  canal  consists,  firstly,  in  short- 
ening the  distance  between  the  two  seas,  as  compared  with  the  present 
route ;  and,  secondly,  in  avoiding  the  dangerous  voyage  around 
Skagen,  thereby  preventing  the  numerous  losses  of  valuable  merchan- 
dise, vessels  and  lives  which  occur  every  year  in  these  waters. 

The  shortening  of  the  route  depends,  naturally,  upon  the  situation 
of  the  various  harbors. 

As  a  jjoiut  of  departure  for  an  estimate  of  the  shortening  of  dis- 
tance between  the  harbors  of  the  North  and  East  seas,  we  take  a  point 
between  the  Peninsula  of  Wittow,  which  belongs  to  Eiigen,  and 
Torp,  on  the  southern  coast  of  Sweden,  in  latitude  55^  north,  longi- 
tude 13°  east,  from  Greenwich,  from  which  the  routes  of  navigation 
from  the  East  Sea  follow  a  common  line  through  the  Sund,  around 
Skagen  and  through  the  Skagerrak  to  the  North  Sea,  and  from  the 
Skagerrak  radiate  towards  the  different  harbors.  The  shortening  of 
the  route  between  the  harbor  cities  for  traffic  between  the  North  Sea 
harbors  and  the  East  Sea  harbors  lying  east  of  a  line  from  Wittow  to 
Torp  can  be  seen  by  the  accompanying  summary  showing  the  shorten- 
ing of  time  and  distance.  Eor  Leith,  on  the  west  coast  of  Scotland, 
this  is  83.8  nautical  miles,  and  for  Hamburg,  424.8  nautical  miles. 

If  we  consider  the  rate  of  speed  of  steamers  in  the  open  sea  to  be 
8t  nautical  miles,  and  in  the  canal  to  be  10  km.  or  5-^  nautical  miles, 
per  hour;  and,  moreover,  if  we  allow  for  the  unavoidable  stops  in 
going  through  the  locks  and  bridges,  in  passing  each  other,  etc. ,  three 
hours  for  each  trip  through  the  canal,  we  have  the  gain  of  time  by  use 
of  the  canal  indicated  in  the  above-mentioned  summary. 

This  gain  is  much  greater  for  sailing  vessels,  and,  with  adverse 
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winds,  may  amount  to  weeks.  On  an  average,  it  would  be  about  three 
days.  In  addition  to  this  gain  in  time,  which  corresponds  to  a  gain 
in  freightage,  as  well  as  in  interest  due  to  the  quicker  delivery  of 
goods,  there  is  a  further  economy  in  using  the  canal  in  place  of  going 
around  Skagen;  first,  in  avoiding  the  cost  of  pilotage  in  the  Sund; 
secondly,  in  a  lessening  of  insurance  for  vessels  and  goods  when  the 
voyage  is  made  by  way  of  the  more  safe  canal;  and,  thirdly,  in  a 
saving  of  the  money  that  would  be  required  to  run  into  a  harbor  in 
the  Skagerrak  and  Kattegat,  especially  in  winter. 

As  an  offset  to  this  saving,  we  have  the  tariff  for  the  use  of  the 
canal,  which  is  so  adjusted  that  there  results  a  gain  for  each  vessel 
using  the  canal.  In  addition,  there  is  the  advantage  accruing  to 
navigation  by  the  lessened  danger  consequent  on  the  use  of  the  canal 
as  compared  with  the  voyage  around  Skagen. 

According  to  authoritative  inquiries  made  up  to  the  year  1866,  200 
vessels  were  yearly  wrecked  in  sailing  around  Skagen,  whose  value, 
aside  from  the  great  loss  of  life,  is  estimated,  after  deducting  the 
value  of  the  goods  taken  on  commission,  at  14  000  000  marks.  Allow- 
ing for  a  decrease  in  loss  on  account  of  the  increased  use  of  steamers, 
there  yet  remains  an  annual  loss  estimated  at  8  000  000  marks.  The 
greater  part  of  this  loss  is  avoided  by  using  the  North  and  East  Sea 
Canal,  and  it  is  an  advantage  to  those  nations  which  participate  in  the 
traffic  of  the  East  Sea. 

12.  The  Prospective  Trajffic  of  the  Canal  and  its  Capacity. — The  traffic 
through  the  Sund,  the  two  Belts  and  the  Eider  Canal,  serves  as  a  basis 
upon  which  to  estimate  the  probable  traffic  on  the  North  and  East 
Sea  Canal. 

According  to  the  statistics  of  the  five  years  1877-81,  the  marine 
traffic  of  the  German,  Eussian,  Finnish  and  Swedish  harbors  in  the 
East  Sea  and  harbor  of  Copenhagen,  together  with  harbors  outside 
the  East  Sea  which  would  profit  by  use  of  the  canal,  averaged  24  000 
steamers  and  sailing  vessels,  with  an  approximate  tonnage  of  8  300  000. 
As,  however,  many  vessels  which  might  use  the  canal  to  advantage 
will  undoubtedly  choose  the  voyage  around  Skagen,  if  they  are  in 
no  hurry,  or  meet  with  favorable  winds  and  weather,  the  annual 
traffic  on  the  canal  is  estimated,  in  formulating  the  memorial  for  the 
canal  presented  to  the  German  Reichstag,  at  18  000  vessels,  with  a 
tonnage  of  5  500  000. 
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Since  this  time,  however,  the  traffic  has  materially  increased,  and 
there  is,  moreover,  an  important  change  in  the  relative  proportion  of 
sailing  vessels  and  steamers.  While,  according  to  Dahlstrom,  in 
"The  Arrangements  for  the  Building  and  Maintenance  of  the  North 
and  East  Sea  Canal,"  the  traffic  throTigh  the  Sund  in  the  year  1880 
consisted  of  28  211  sailing  vessels  and  9  876  steamers,  with  a  combined 
tonnage  of  12  718  376,  in  the  year  1889  there  were  much  fewer  sailing 
vessels  and  more  steamers.  The  traffic  in  this  year  consisted  of  14  114 
sailing  vessels  and  16  448  steamers,  with  a  combined  tonnage  of 
16  022  069. 

In  these  nine  years  there  has  been,  therefore,  an  increase  in  the 
volume  of  marine  traffic  in  the  Sund  of — 

16  022  069  -  12  718  376  _ 

12718376  ^  ^""  -  ^^-^- 

The  number  of  steamers  has  increased  by — 

16448-9876  ^  ,„„  ^  ,,^, 

The  number  of  sailing  vessels  has  decreased — 

28  211  —  14  114       ,„„         -      ,^^0/ 
^^^^ X  100  =  about  SO^o^. 

26 
This  averages   yearly,  therefore,   an  increase  in  volume   of  —  = 

about  3%;  an  increase  of  steamers  of  -g-  =  7.4%",  and  a  decrease  of 

50 
sailing  vessels  of  —  =  4.5  per  cent. 

Assuming  that  this  change  in  the  traffic  in  the  Sund  is  not  discon- 
tinued in  the'  year  1889,  but  keeps  on  in  the  same  ratio,  then  in  the 
year  1895,  the  first  year  of  operation  of  the  North  and  East  Sea  Canal,, 
the  traffic  on  the  Sund  will  have  attained  the  following  proportions  : 

The  total  tonnage  of  vessels  will  be — 

12  718  376  (l  +  15  x  0.03)  =  18  441  642  registered  tons, 
the  number  of  steamers — 

9  876  (l  +  15  X  0.074)  =         20  838 
and  the  number  of  sailing  vessels — 

28  211(1  —  15  X  0.045)=  9  169 

In  a  pamphlet  recently  published  in  Kiel  by  the  Geheimer  Kom- 
merzienrath   Sartori,    entitled    "  Kiel   and  the  North   and   East   Sea. 


FULSOHER  ON  THE  NOETH  AND  EAST  SEA  CANAL.  431 

Canal,"  it  is  shown  that,  of  the  traffic  on  the  Sund  in  1887,  probably 
60^0  "would  have  passed  through  the  North  and  East  Sea  Canal  if  it 
had  been  in  existence  at  that  time.  Taking  this  percentage  as  good 
for  the  year  1865,  the  traffic  on  the  canal  during  its  first  year  of 
operation  (estimating  a  full  year)  will  be — 

0.6  X  18  441  642  =  approximately  11  600  000  tons 

In  steamers 0.6  x  20  838  =  "  12  500    " 

And  sailing  vessels..  0.6  X  9  169=  "  5  500    " 

This  traffic  on  the  North  and  East  Sea  Canal  can  be  easily  accom- 
modated with  continuous  operation,  day  and  night,  as  the  i^rovisions 
for  navigation  reach  far  beyond  present  necessities,  and  we  cannot  err 
in  the  assumption  that,  even  with  a  uniform  increase  of  navigation, 
the  canal  will  suffice,  in  its  j^rojected  capacity,  to  accommodate  the 
traffic  for  any  conceivable  period. 

PAET  II. 

Construction  of  the  Canal  in  the  Lo^i,ands  of  the  Bukg-Kuden 

Lake. 

General  Conditions,  Preparatory  Work  and  Designs  (with  a  map, 
Plate  I,  Fig.  1,  and  profile,  Plate  II,  Fig.  2).— From  7.6  to  18  km.  the 
canal  crosses  an  extensive  low  marsh  which,  in  the  last  century,  served 
as  a  collecting  ground  for  the  high  waters  of  Holstenau,  which  were 
injurious  to  the  Wilstermarsch,  although  they  then  had  an  outlet 
toward  the  Elbe;  but  not  until  the  end  of  the  sixties  and  beginning  of 
the  seventies  of  this  century  were  they  imi^roved  by  carrying  out  a 
systematic  scheme  of  drainage.  The  profile  of  the  canal  here  shows  a 
section  almost  everywhere  in  a  soft  and  submerged  soil  for  its  entire 
depth.  On  the  top,  after  the  removal  of  turf  to  a  few  decimeters  in 
depth,  lies  boggy  soil  (moss  peat)  in  variable  thickness;  below  that, 
darg  (sedge  peat),  and,  lowest  of  all,  clay  (clammy  marsh  soil).  The 
old  solid  sea-bed,  from  9  to  16  km. ,  lies  everywhere  below  the  canal-bed, 
and  but  little  higher  at  both  ends  of  the  lowlands. 

In  order  to  arrive  at  a  safe  opinion  of  the  supporting  jjower  of  the 
top  stratum  of  the  soil,  experimental  excavations  were  made  in  several 
places  during  the  preliminary  work.  It  became  evident  that,  even  in 
the  two  top  strata,  slopes  of  4  to  1  for  a  slight  dejjth  began  to  settle 
without   a   surcharge,  so   that,  even   under   a  light  weight,  the   clay 
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became  compressed  and  squeezed  out.  A  surcharge  on  the  banks  of 
the  canal  was  unavoidable,  because  the  highest  stage  of  water  in  the 
canal  +  20.27  m.  (66.49  English  feet)*  lies  some  1.25  m.  (4.10  ft.)  above 
the  mean  elevation  of  the  lowlands,  and,  therefore,  dikes  had  to  be 
constructed  on  both  sides  of  the  canal,  to  protect  the  lowlands. 

The  most  unfavorable  of  these  conditions  occurred  from  13. 2  to  18 
km.,  where  the  stratum  of  bog  was  so  thick  and  so  soft  that  it  could 
scarcely  be  trodden  upon,  and  where  the  clay  also  was  less  firm  than 
elsewhere.  Here  it  was  to  be  predicted  with  certainty  that,  with  the 
excavation  for  the  canal,  and  especially  the  construction  of  the  above- 
mentioned  dikes,  the  material  at  the  sides  would  always  slide.  Noth- 
ing remained,  therefore,  but  to  consolidate  the  soft  material  on  both 
sides  of  the  canal,  or  to  press  it  back  by  filling  in  with  some  firmer 
material,  forming  in  this  way  solid  bodies  acting  as  dams  between 
which  the  canal  could  be  excavated  without  further  difficulty.  A 
sandy  soil  adapted  to  the  construction  of  these  dams  was  found  in 
abundance  in  the  tract  beyond  the  lowlands,  from  18  to  26.2  km.  In 
the  excavation  of  the  canal  between  these  sand  dams,  decided  move- 
ments and  changes  were  to  be  expected  in  the  slopes  of  the  dams  on 
the  canal  side;  wherefore,  it  was  necessary  to  adopt  here  an  excessive 
width  from  the  first.  The  width  was  fixed  at  15  m.  (49.2  ft.),  and  the 
distance  between  the  dams  and  the  axis  of  the  canal  was  so  chosen 
that  the  former  gave  a  firm  footing  for  the  works  on  the  tojjs  of  the 
banks  and  the  adjoining  dikes. 

In  the  section  from  7.6  to  13.2  km.  the  material  for  the  sand  dams 
was  more  difficult  to  obtain,  the  stratum  of  bog  thinner  and  drier,  and 
the  clay  was  nearly  everywhere  much  firmer.  It  was  proposed  to 
construct  this  section  without  sand  dams.  At  a  trial  excavation  at  11 
km.,  slopes  of  2  to  1  were  found  to  be  stable  to  the  full  depth  of  the 
canal.  The  construction  of  the  canal  in  the  natural  soil  seemed 
possible  as  far  as  it  was  feasible  to  build  the  dikes  on  either  shore,  so 
that  their  weight  on  the  subsoil  induced  no  lateral  pressures  on  the  canal. 
To  attain  this  end,  the  plans  were  arranged  so  that,  first,  the  banks  of 
the  canal  and  the  adjoining  berms  [2.5  m.  (8.2  ft.)  in  width]  should  be  as 
high  as  possible  [at  +  19.77  m.  (64.85  ft.)],  and  so  that  the  dikes  should 
have  a  slope  of  6  to  1  on  the  canal  side,   in  order  that  their  crowns 

*  All  elevations  which  occur  in  this  article  refer  to  a  horizontal  plane  20  m.  (65.6  ft.)  below 
normal  zero. 
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[at  -f  22  m.  (72.16  ft.)]  would  set  back  from  the  edges  of  the  banks  of 
the  canal  about  16  m.  (52.48  ft.).  In  the  Kuden  Lake  (7.7  to  8.7  km.) 
where  the  subsoil  was  less  favorable,  the  low  (embankment)  dikes 
were  to  be  removed  from  the  axis  of  the  canal  70  m.  (229.6  ft.). 

With  the  difficulty  above  mentioned,  which  arose  from  the  condition 
of  the  soil  in  the  lowlands  of  the  Burg-Kuden  Lake,  the  location  of  the 
line  to  be  selected  required  very  careful  preliminary  investigations. 
Numerous  borings  were  made,  extending  over  the  entire  area  of  the 
lowlands.  These  proved  that  the  character  of  the  ground  on  the 
contemplated  line  was  more  favorable  than  elsewhere,  especially  on 
the  western  border  of  the  lowlands  close  by  the  Geest  slope,  where 
the  line  of  the  so-called  Dahlstrom  project,  worked  up  in  the  year 
1880  by  the  Regierungs-Baumeister  Boden,  cut  across  the  lowland 
district.  It  is  true  that  the  soft  strata  are  there  not  so  thick  as  at  a 
greater  distance  from  the  Geest  slope,  and  that  the  canal  bed  would 
therefore  cut  into  the  sandy  subsoil.  But  the  latter  consists  of  quick- 
sand. In  conducting  the  borings  masses  of  it  were  mined  ovit  by  the 
water  flowing  over  the  edges  of  the  bore  holes,  and  it  would  be  a 
hazardous  undertaking  to  excavate  the  lower  portion  of  the  canal  in 
this  material.  The  necessary  dams  to  be  erected  on  the  adopted  line 
will,  it  is  true,  be  quite  costly;  but  the  cost  of  these  can  be  estimated, 
and  the  result  is  certain.  The  necessary  cost  of  excavating  the  bed 
of  the  canal  in  the  quicksand  could  not  be  i^redicted,  and  no  assur- 
ance could  be  given  that  the  dej^th  called  for  in  the  plans  could  be 
reached  in  this  soil  by  the  customary  means — dry  excavation  or 
dredging  under  water. 

Economic  considerations  led  to  a  decision  in  favor  of  the  line 
adopted.  As  the  jalan  shows,  this  line  lies  in  the  immediate  neighbor- 
hood of  the  district  boundary  which  is,  at  the  same  time,  the  town- 
ship boundary.  It  was  therefore  advisable  to  buy  up  the  lands  lying 
between  the  canal  and  the  district  boundary,  which  are  cut  off  by  the 
canal  from  the  township  to  which  they  belong,  and  which  are  thus 
inaccessible  to  their  former  owners,  for  spoil  banks  for  which  purpose 
they  are  well  adapted  by  their  position.  This  also  did  away  with  the 
necessity  of  arranging  for  their  subsequent  economical  management, 
of  constructing  new  roads  across  the  canal,  ferries  and  drainage  im- 
provements. Any  line  lying  farther  west  would  have  made  necessary 
to  continue  the  profitable  utilization  of  the  land  so  cut  off,  the  estab- 
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lisliment  of  two  ferries,  one  for  Buchliolz,  and  one  for  Kudeu,  as  well 
as  tlie  construction  of  parallel  roads  on  the  sontheast  side  of  tlie 
canal,  and,  in  spite  of  this,  tlie  profitable  use  of  the  tract  so  cut  off 
would  have  been  extremely  difficult  for  the  former  owners.  Besides 
the  cost  of  ferries  and  roads,  and  for  various  new  drainage  improve- 
ments, which  would  have  become  necessary  in  consequence  of  the 
division,  heavy  damages  would  have  been  incurred  for  increasing  the 
difficulty  of  farming.  By  the  use  of  the  projected  line,  all  these 
exjienses  are  avoided. 

The  Execution  of  the  Work  in  the  Section  from  7.6  to  13.2  Km.  (see 
Plates  II  and  III,  Figs.  3  to  8).— The  work  in  the  section  7.6  to  13.2 
km.  began  by  depositing  the  clay  obtained  by  dry  excavation,  be- 
tween 5.8  and  6.6  km.,  for  the  formation  of  dikes  as  far  as  7.6  km. 
and  beyond.  But  the  nearer  this  construction  of  dikes  approached 
the  Kuden  Lake,  the  deeper  they  settled  into  the  ground,  produc- 
ing a  bulging  to  the  right  and  left,  so  that  with  further  excavation 
slides  were  to  be  expected.  As,  moreover,  there  was  not  sufficient 
material  suitable  for  dikes,  the  conclusion  was  forced  upon  them  that 
it  would  be  necessary  to  abandon  the  idea  of  completing  the  work 
without  an  artificial  strengthening  of  the  banks  by  sand  dams.  Far- 
ther along,  in  the  section  from  10  to  12  km.,  where  the  upper  strata 
of  the  soil  were  removed  by  dry  excavations  from  the  trench  and 
placed  to  one  side,  similar  exjieriences  were  undergone.  Only  at  a 
few  points  was  the  upper  stratum  firm  enough  to  support  the  dike 
without  the  lateral  pressure  becoming  evident  (see  the  cross-sec- 
tion at  11  km..  Fig.  7).  Elsewhere,  even  a  slight  pressure  univer- 
sally produced  motion.  It  was  suggested  to  remove  the  bulging 
slopes  of  bog  for  a  width  of  about  3  m.  (9.84  ft.)  and  in  their  place  to 
substitute  a  protection  of  clay  of  equal  amount,  which  should  extend 
down  to  the  contiguous  stratum  of  clay  beneath  the  submerged  em- 
bankment. But  this'  was  given  up  because  it  was  feared  that  the 
water  contained  in  the  soil  adjacent,  being  jjrevented  from  escajjing 
by  the  clay  protection,  would  induce  sliding  under  the  pressure  of  the 
dike.  It  was  therefore  decided  to  construct  such  a  protection  of  sand. 
For  this  purpose  the  track,  which  had  already  been  laid  for  the  filling 
in  of  the  sand  dams  from  13.2  to  18  km.  Avitli  material  from  the  cut  in 
the  canal  reaching  to  26.2  km.,  had  to  be  prolonged  for  the  whole 
length  of  the  section  in  question.     This  was  a  difficult  piece  of  work 
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on  accoiint  of  tlie  slight  supporting  power  of  the  top  stratum.  When 
they  began  to  fill  in  with  sand,  the  clay  was  found  to  be  so  soft,  with 
the  exception  of  a  short  stretch,  that  the  sand  was  soon  pressed  out  of 
position  (see  cross-sections,  Figs.  6  and  8),  and  so,  in  jilace  of  the  pro- 
posed construction  of  the  slojDes,  real  sand  dams  were  built  similar  in 
form  to  those  upon  the  section  13.2  to  18  km.,  where  the  construction 
of  such  dams  had  been  foreseen  from  the  first.  After  this  experience 
the  attempt  to  make  the  slope  protections  of  a  given  uniform  width 
was  abandoned,  and  the  plan  of  building  regular  sand  dams  was 
adojsted. 

In  the  section  from  10  to  12  km.  the  canal  was  excavated  to  +  15  m, 
(49.2  feet),  and  some  of  the  material  for  the  dikes  banked  up,  before 
they  began  the  filling  in  of  the  sand  dams.  From  12  to  13  km.  and 
from  10  km.  to  the  Kuden  Lake  the  dams  were  made  in  the  same  way  as 
in  the  firmer  section,  13  to  18  km.,  where  the  tracks  for  extending  the 
work  could  be  relaid  upon  the  top  stratum.  In  relation  to  the  various 
particulars  of  the  construction  the  reader  is  referred  to  the  description 
(see  p.  436,  et  seq.). 

For  the  damming  of  the  Kuden  Lake  (see  Plate  II,  Fig.  3)  a  float 
was  employed,  by  which  the  work  was  carried  on  in  the  following 
manner.  The  material  was  brought  in  cars  containing  3  cu.  m.  (105.96 
cu.  ft.)  as  far  as  the  tracks  allowed,  and  dumped;  then,  when  the  train 
had  gone  away,  it  was  taken  up  in  buckets  with  a  capacity  of  0.5  cu.  m. 
(17.66  cu.  ft.)  and  dumped  on  the  platform  between  the  end  of  the 
dam  and  the  float,  to  both  right  and  left.  Eight  or  ten  buckets  were 
emi^loyed  for  this,  which,  after  being  emptied,  were  taken  to  the  siding 
between  the  track  and  the  windlass.  After  all  the  cars  were  emptied, 
they  were  taken  back  to  the  place  for  loading  sand,  and  the  operation 
was  repeated  in  the  manner  described.  As  soon  as  the  extension  of  the 
sand  dam  had  a  sufficient  powel'  of  support,  the  float  with  the  windlass 
was  drawn  forward,  the  track  for  the  large  cars  extended,  and  then 
the  operation  was  repeated. 

"We  have  still  to  mention  a  j^eculiar  task  with  which  the  commis- 
sioners had  to  occupy  themselves  before  they  could  begin  constructing 
the  dams.  The  cultivation  of  the  plains,  which  are  drained  by  remov- 
ing the  peat  to  +  18.00  m.  (59.4  ft.)  and  then  pumjnng,  is  accomi?lished 
by  excavating  the  fertile  calciferous  clay  (which  is  usually  found  in 
large  deposits  under  the  bog   and  sedge-peat  strata)  to  a  depth  of 
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10.5  m.  {M.4A  ft.)  and  spread  in  thin  layers  over  the  meadows.  For 
this  purpose,  peculiar  contrivances  are  used  for  excavating,  called 
ketscher,  by  the  use  of  which  ditches  of  corresponding  depth  are  cut, 
about  40  cm.  (1.31  ft.)  wide,  with  vertical  walls,  are  formed.  These 
cross  the  land  to  be  diked  here  and  there,  and  had  to  be  barricaded 
where  not  sufficiently  protected  by  deposits,  or  where  compression  by 
the  canal  dikes  was  definitely  not  to  be  expected,  in  order  to  prevent 
the  water  in  the  canal  above  from  breaking  through  into  the  lowlands. 
The  ditch  in  the  diked  land  to  be  built  over  was  filled  up  with  sand 
according  to  its  depth  for  a  length  of  from  6  m.  (19.68  ft.)  to  8  m. 
(26.24  ft.),  and  through  this  fill,  at  right  angles  to  the  length  of  the 
ditch,  sheet  piling  was  placed  2  to  3  m.  across  and  8  to  10  cm.  thick, 
which  should  reach  to  at  least  1  m.  below  the  bed  of  the  ditch.  In 
Plate  II,  Fig.  4,  the  process  is  represented.  Investigations  and  ob- 
servations of  the  ditches  so  crossed  have  shown  that  the  desired  result 
has  been  attained. 

Sand  Dams  on  the  Section  from  13.2  to  18.0  Km.  (see  Plate  V,  Figs.  11 
and  12). — The  process  of  construction  differed  according  as  the  sand 
dam  was  to  be  built  on  a  firm  bed  or  on  one  which  was  soft. 

With  a  firm  bed  (Fig.  11)  the  exj^eriment  of  removing  the  tough 
morass  cover  under  the  sand  dam  proved  judicious,  as,  by  allowing  it 
to  remain  and  simply  loosening  it  laterally  (by  narrow  trenches),  there 
Avould  usually  occur  in  the  operation  of  filling  in  the  sand  a  separation 
of  this  "mattress  "  into  two  parts,  preventing  the  lateral  spreading  of 
the  sand  by  assuming  an  oblique  or  vertical  position.  Furthermore, 
it  seemed  advisable,  in  order  to  effect  the  most  favorable  formation  of 
the  mass  of  sand,  to  give  the  sand  on  the  edge  nearest  the  canal  as 
deep  a  bearing  as  possible.  The  course  pursued  in  filling  in  the  sand 
developed  as  follows  in  the  case  of  a  firm  cover  of  bog. 

(a)  Excavation  on  the  site  of  the  proposed  sand  dam  to  a  depth  of 
0.5-1.0  m.  (1.64-3.28  ft.),  and  a  width  of  12-15  m.  (39.36-49.20  ft.). 

{h)  Filling  in  this  trench  with  sand  brought  from  the  completed 
dam  in  the  rear  by  means  of  hand  dump  cars. 

(c)  Extension  of  the  main  track  for  transporting  material  [of  0.90 
m.  (2.95  ft.)  gaiige]  on  the  edge  of  the  fill  next  the  canal. 

{d)  Dumping  the  cars  loaded  with  earth  [capacity,  3  cu.  m.  (105.96 
cu.  ft.)]  near  this  edge  until  the  resulting  banks  of  sand  did  not  sink 
appreciably. 
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(e)  Widening  this  narrow  body  of  sand  on  the  outer  side  until  the 
desired  width  was  attained. 

For  about  800  m.  (2  624  ft. )  in  length  of  the  canal  between  16  and 
17  km.,  where  the  surface  of  the  bog  was  quite  soft  and  inundated, 
the  preceding  excavation  was  not  necessary;  but,  on  the  other  hand, 
the  preliminary  use  of  rammed  piles  became  necessary.  The  method 
of  procedure  was  as  follows  (see  Fig.  12). 

(a)  Driving  in  light  pile-piers  in  the  center  of  the  sand  dam 
penetrating  the  firm  subsoil,  and  carrying  on  them  a  track  of  0. 6  m. 
(1.97  ft.)  and  0.9  m.  (2.95  ft.)  gauge  (Avith  a  common  rail). 

(b)  Piling  up  sand  around  the  piles  at  night  with  hand  dump  cars 
[of  0.6  m.  (1.97  ft.)  gauge]  from  the  finished  section  of  the  dam 
behind,  in  order  to  enclose  the  heads  of  the  piles  and  prevent  the 
pressing  in  of  the  bog  near  the  end  of  the  sand  dam. 

(c)  Carrying  forward  the  true  sand  dam  with  cars  of  3  cu.  m. 
(109.96  cu.  ft.)  capacity,  and  0.9  m.  (2.95  ft.)  gauge  in  such  a  manner 
that  the  cars  unloaded  at  the  end  of  the  dam  should  be  pushed 
forward  on  the  track  mentioned  in  a,  which  extends  over  the  end  of 
the  dam.  For  a  short  distance  from  the  end  of  the  sand  dam  the 
track  should  be  supported  by  ways  on  cross-ties,  floats  of  oil  barrels, 
etc.,  in  i3lace  of  the  piles,  which  are  gradually  all  broken  off  by  the 
forward  motion  of  the  dam. 

((/)  Widening  the  dam  to  its  whole  width. 

By  this  procedure,  especially  by  the  pushing  forward  of  the  empty 
cars  on  the  track  laid  on  jDiles,  the  rapid  unloading  of  trains  (of  10  to 
15  cars),  and  therefore  the  rapid  progress  in  the  construction  of  the 
dam  was  accomplished. 

Results  of  FilUng  in  wUh  Sand  (see  Plates  III  and  IV,  Figs.  7  to  10).— 
So  far  as  it  could  be  effected  by  details  in  the  course  of  the  work, 
it  was  attempted  to  give  the  sand  dams  equal  slopes  on  both  sides, 
and  where  the  subsoil  was  of  uniform  quality  this  was  successful  (see 
cross- sections.  Fig.  10).  Exceptions  occurred  where  firm  layers  of 
clay  with  sloping  surfaces  occurred,  in  the  subsoil,  or  where  (by  water 
courses)  there  were  old  and  solid  dikes  on  the  surface,  or  where  at  the 
beginning  of  the  fill  the  canal  had  been  partly  excavated — where  the 
site  of  the  dike  was  somewhat  overloaded.  Under  these  circum- 
stances a  widening  of  the  underlying  sand  took  place  towards  the 
outside,  or  towards  the  inside  of  the  canal,  which,  with  an  increase 
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pressure  iipon  it,  was  simply  widened  without  being  forced  deeper  in. 
The  desired  forms  were  established  by  numerous  borings  (see  cross- 
sections,  Figs.  5  to  10). 

The  ground  displaced  by  the  embankment  rose  on  either  side 
forming  irregular  upheavals,  which  frequently  extended  across  the 
entire  space  between  the  dams  on  the  two  sides  (see  cross-sections,  Plate 
IV,  Figs.  9  and  10),  and  rose  to  3.20  m.  (10.50  ft.)  above  the  original  sur- 
face, when,  after  a  period  of  rest,  they  settled  again  somewhat.  The 
quantity  of  sand  delivered  was  estimated  by  the  contents  of  the 
transport  cars,  or  by  the  volume  of  the  unheaved  mass  within  the 
canal  (the  volume  above  of  the  original  estimate)  by  repeated 
measurements  of  the  cross-section.  The  quantity  of  sand  used  from 
8.2  to  13.2  km.,  was  590  000  cu.  m.  (20  838  800  cu.  ft.),  and  the  volume 
of  the  uijheavals  resulting  therefrom  in  the  canal  was  250  000  cu.  m. 
(8  830  000  cu.  ft.).  From  13.2  to  18  km.,  1  216  000  cu.  m.  (42  949  120 
cu.  ft.)  of  sand  were  used,  and  the  upheaved  volume  was  here  223  ODD 
cu.  m.  (7  876  360  cu.  ft.).  The  less  fortunate  condition  in  the  lower 
section  probably  resulted  from  the  fact  that  in  consequence  of  the 
deeper  preliminary  excavation  for  the  canal,  between  10  and  12  km., 
the  mass  of  sand  settled  more  towards  it  than  to  the  outer  side;  that 
the  ground  here,  being  firmer,  was  less  compressed,  and  that  in  the 
upper  section  a  large  amount  of  sand  was  used  whose  excess  resulted 
in  no  further  bulging. 

Excavation  of  the  Canal. — According  to  the  specifications,  the  con- 
tractors could  only  begin  excavating  between  the  sand  dams  after  six 
months  of  settlement;  in  reality  this  time  had  to  be  shortened  in  some 
sections,  as  otherwise  the  excavators  would  have  lain  idle.  The  canal 
was  first  excavated  in  dry  material  to  the  banquettes  under  water  with 
carts,  and  the  material  taken  out  was  used  partly  in  building  dikes,  and 
l^artly  laid  on  depositing  beds,  being  used  there  in  the  formation  of 
enclosing  dikes.  In  the  section  from  7.0  to  12.4  km.,  one  large  and  one 
small  bucket-chain  excavator  and  one  pump  excavator  were  used.  The 
latter  discharged  the  mud  on  the  depositing  beds  through  a  pipe, 
while  the  material  raised  by  the  bucket-chain  excavator  Avas  carried  to 
its  destination  by  two  elevators.  In  the  section  from  14.8  to  18.0  km., 
a  bucket-chain  excavator  with  a  Vering  floating  apparatus,  and  tem- 
porarily a  second  bucket-chain  excavator  with  an  elevator,  have  been  in 
use  since  October,  1891.  The  section  from  12.4  to  14.8  km.  as  yet 
remains  dry. 
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Altliougli  tlie  bed  of  the  canal  has  been  reached  in  many  places, 
there  have  been  no  large  slides  in  the  sand  dams,  excej)t  in  one  in- 
stance— at  14.8  km. — where  the  borings  for  the  sand  dams  indicated 
such  a  result  as  probable. 

Location  of  the  Dikes. — In  the  section  13.2  to  18.0  km.  but  little  has 
been  done  to  the  dikes;  where  the  depositing  beds  are  by  the  canal,  as 
is  here  generally  the  case,  the  masses  of  earth  moved  by  the  apparatus 
of  the  excavators  are  deposited  immediately  behind  the  sand  dams. 

In  the  lower  section  7.6  to  13.2  km.,  where  the  flat-dike  profile  is 
retained  in  spite  of  the  sand  dams,  the  dikes  are  raised  to  -|-  20.0  m. 
(65.60  ft.)  with  bog  soil,  to  level  up. the  inequalities  of  the  dike  lands; 
marsh  land,  where  over  +  20.0  m.  (65.60  ft.),  is  generally  leveled  off  to 
this  height.  In  this  way  a  level  base  is  formed  for  the  dikes  which 
are  to  be  built  of  clay,  and  arranged  in  such  a  way  that  the  ground  is 
uniformly  loaded.  Further  building  uj)  is  performed  mainly  with  an 
elevator,  with  a  trough  having  a  steep  inclination  (see  Plate  V,  Fig. 
13),  which  receives  the  necessary  material  from  a  bucket-chain  excava- 
tor. The  steep  inclination  of  the  trough  renders  it  possible  to  handle 
the  material  without  the  assistance  of  water,  in  which  way  the  soften- 
ing of  the  dike  land  is  avoided.  By  the  constant  moving  to  and  fro  of 
the  elevator,  a  gradual  and  uniform  loading  of  the  dike  land  is  accom- 
plished, and  it  is  hoped  that  in  this  way  slides  and  uneven  settle- 
ments will  be  avoided  as  much  as  possible. 

PART  III. 
The  East  Sea  Locks  at  HoiiTENAU. 

I.  General  Considerations. — The  East  Sea  locks  at  Holtenau  form  a 
portion  of  the  lock  and  harbor  works  which  are  being  constructed  in 
the  vicinity  of  Kiel,  at  the  eastern  terminus  of  the  North  and  East  Sea 
Canal.  They  cut  off  the  canal  from  the  harbor  of  Kiel,  and  also  from 
the  East  Sea.  Plate  VI  (Fig.  1)  gives  a  view  of  the  entire  harbor 
works,  yet  incomplete,  the  most  imi^ortant  features  of  which  are  the 
double  locks. 

H.  Description  of  the  East  Sea  Locks.  — a.  Object  of  the  East  Sea  Locks.  — 
The  North  and  East  Sea  Canal  forms,  as  it  were,  a  strait,  whose  ordi- 
nary surface  corresponds  to  the  mean  level  of  the  East  Sea.  As  the 
mean  water  of  the  East  Sea  is  at  about  the  same  elevation  as  the  mean 
water  of  the  Elbe  at  Brunsbiittel,  the  locks  at  both  ends  might  be  dis- 
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pensed  with  were  it  not  that  both  the  East  Sea  and  the  Elbe  are  sub- 
ject to  considerable  variations  in  their  water-surface. 

In  the  East  Sea,  it  is  true,  there  are  no  great  changes  in  the  tides, 
but  the  maximum  and  minimum  water-levels  differ  from  the  mean  level 
by  from  3.17  to  2.09  m.  (10.40  to  6.85  ft.).  It  is  proposed  to  leave  the 
gates  of  the  East  Sea  locks  open,  with  the  frequent  slight  changes  of 
level,  so  that  vessels  may  pass  through  without  delay.  Only  when 
the  East  Sea  rises  0.50  m.  (1.64  ft.)  above  mean  water,  or  falls  0.50  m. 
(1.64  ft.)  below  it,  will  the  gates  be  closed,  and  then  all  vessels  must 
be  regularly  "locked"  through.  In  establishing  the  depth  of  the 
canal  the  occasional  opening  of  the  locks  was  taken  into  consideration, 
the  depth  being  made  greater  by  0.50  m.  (1.64  ft.),  i.  e.,  it  was  increased 
from  the  8.50  m.  (27.88  ft.),  necessary  for  the  largest  war  vessels,  to 
9  m.  (29.52  ft.)  at  mean  water-level  of  the  canal  (East  Sea). 

b.  Oeiieral  Arrangement  and  Principal  Dimensions. — As  one  lock 
would  not  suffice  when  there  is  much  traffic,  two  locks  are  built  beside 
each  other.  Another  advantage  is  that  the  canal  need  not  be  closed 
when  one  lock  is  being  repaired,  or  is  otherwise  rendered  useless. 

The  locks  had  to  be  provided  with  double  pairs  of  gates,  on  the 
outside  as  well  as  inside,  as  the  outside  water-surface  of  the  East  Sea 
is  sometimes  higher  and  sometimes  lower  than  that  in  the  canal.  The 
gates  in  the  interior  of  the  lock  are  not  used  for  locking.  They  are 
only  used  when  open  passage  is  closed  at  mean  water  in  the  East  Sea. 
It  has  been  ascertained  by  calculation  that  every  time  the  water  out- 
side rises  or  falls  rapidly,  considerable  currents  are  formed  in  the 
canal  and  locks  which,  under  some  circumstances,  attain  a  velocity  of 
1  m.  per  second.  The  calculations  show,  moreover,  that  with  these 
comparatively  swift  currents  it  would  be  very  difficult  and  dangerous 
to  close  the  heavy  gates.  In  order  to  shut  oflf  the  current  with  safety, 
special  "shutting"  gates  were  made,  the  details  of  which  are  described 
further  on.  As  soon  as  the  shutting  gates  have  accomplished  their 
purpose,  i.  e. ,  have  brought  the  water  in  the  locks  to  rest,  the  regular 
gates  are  closed  and  the  shutting  gates  returned  to  their  recesses, 
where  they  remain  until  it  is  again  necessary  to  close  the  locks  against 
the  current. 

In  order  to  drain  the  locks  dry,  rabbets  are  placed  at  both  ends, 
into  which  pontoon  gates  can  be  inserted. 

The  available  length  of  the  locks  is  150  m.  (492  ft.),  the  length  of 
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tlie  structure  being  about  217  m.  (711.76  ft.),  the  width  between  gate 
piers  and  in  the  chambers  25  m.  (82  ft.),  and  the  depth  of  the  mitre- 
sill  below  mean  water  9.57  m.  (31.39  ft.).  In  order  to  protect  the  canal 
and  the  lower  land  from  the  high  water,  the  heads  of  the  locks  are  built 
4  m.  (13. 12  ft. )  above  mean  water  in  the  East  Sea. 

Approaches  200  m.  (656  ft.)  and  100  m.  (328  ft.),  respectively,  adjoin 
the  locks  in  the  outer  and  inner  harbors. 

c.  Desci'lption  in  Detail. — 1.  Oroimcl  to  be  Built  Upon. — The  strata 
uncovered  during  constructions  showed  deep  intersections  by  cross- 
veins  which  are  ascribed  to  a  damming  up  during  the  two  ice  periods 
in  prehistoric  times  in  Schleswig-Holstein.  In  general  a  stratum  of 
yellow  clay  5  m.  (16.40  ft.)  thick  was  found  under  the  vegetable  mould, 
below  that  usually  a  stratum  of  sand  which,  in  turn,  lay  above  a  thick 
bed  of  blue  clay  or  potter's  clay,  and,  breaking  through  this  in  places, 
a  layer  of  coarser  sand  is  found  which  contains  a  quantity  of  water 
under  heavy  pressure.  At  the  northeast  wing  of  the  locks,  at  a  depth 
of  13  m.  (42.64  ft.)  below  the  surface  of  the  meadow,  a  boggy  material 
was  found  overlying  an  unstable  subsoil  of  blue  clay  and  potter's  clay. 

2.  Concrete  and  Masonry. — The  foundation  of  the  locks  consists  of  a 
a  layer  of  concrete  2.5  to  3.5  m.  (8.20  to  11.48  ft.)  thick,  enclosed  by 
sheet  piling.  Where  possible,  as  in  the  lock  chambers,  the  bed  of  con- 
crete was  given  the  form  of  an  inverted  arch  (Plate  VII,  Fig.  4).  At 
the  three  heads  the  form  was  that  of  a  horizontal  rectangular  girder 
(Plate  VII,  Fig.  3),  whose  under  siirface  was  raised  at  the  side  walls  in 
order  to  economize  in  the  length  of  sheet  piling  and  to  give  the  latter 
a  firm  bearing  during  the  time  of  deepest  excavation  and  of  laying 
concrete. 

The  concrete  on  the  bed  has  three  conduits  (Plate  VII,  Fig.  5) 
diagonal  to  the  axis  of  the  lock,  which  are  curved  and  enclosed  with 
plates  of  lead  on  account  of  its  greater  imperviousness  to  water.  The 
object  of  these  conduits  is  to  convey  pipes  for  hydraulic  pressure  and 
heat  from  a  central  station  lying  south  of  the  locks  to  the  machine 
chamber  of  the  three  lock  walls.  They  are  also  to  be  used  for  tele- 
graph and  telephone  wires. 

The  masonry  above  shows  on  the  inside  the  great  culverts  with 
which  the  locks  are  filled  and  emptied.  The  position  of  the  culverts  may 
be  seen  in  the  ground  plan  (Plate  VIII,  Fig.  6),  and  in  the  cross-sec- 
tions (Plate  VII,  Figs.  3  and  4)  of  the  mouth,  in  the  longitudinal  sec- 
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tion  (Plate  VII,  Fig.  5).  In  order  to  obviate  the  formation  of  strong- 
currents  and  eddies  in  filling  the  locks,  the  water  does  not  enter  the 
lock  chamber  in  an  unbroken  stream  from  each  culvert,  but  through  12 
smaller  apertures  whose  combined  cross-section  is  greater  than  that  of 
the  culvert  (12:7.6  sq.  m.,  or  129.12:81.78  sq.  ft.),  which  are  dis- 
tributed over  the  entire  length  of  the  chamber. 

In  the  upper  part  of  the  lock  walls  are  the  extensive  machinery 
chambers  whose  arrangement  may  be  seen  in  the  ground  plan  (Plate 
Vin,  Fig.  6),  and  the  cross-sections  (Plate  VII,  Fig.  3),  and  in  the 
separate  plan  of  the  machinery  (Plate  IX,  Figs.  7  and  8).  The  cover- 
ing of  the  machinery  chambers  could  not  be  effected  with  freestone. 

1.  Because  the  joints  occurring  between  the  two  latter  could,  with 
difficulty,  be  kept  laermanently  water-tight. 

2.  Because  the  roofing  would  have  been  very  heavy. 

3.  Because  but  a  limited  height  was  available  for  it  if  the  deepest 
machinery  chamber  were  to  be  built  above  mean  water-level  in  the 

canal. 

For  these  reasons  a  different  roofing  was  required,  and  after  ex- 
tended experiments  the  best  was  found  to  be  a  monier  roof  of  peculiar 
cross-section,  laid  between  iron  girders,  over  which  a  layer  of  melted 
asphalt  3  cm.  (1.2  ins.)  thick  is  placed. 

The  upper  part  of  the  concrete  bed,  the  design  of  the  mitre-sill,  etc.  y 
are  clearly  shown  on  Plate  VII,  Figs.  3  and  4,  and  Plate  VIII,  Fig.  6. 

The  wings  which  were  separate  from  the  actual  lock  walls  could, 
for  the  most  part,  be  built  directly  upon  the  ground,  except  the  north 
wing,  which  had  to  be  built  on  a  grillage  set  on  piles,  on  account  of 
the  boggy  soil  found  there. 

As  to  the  materials  for  the  walls,  the  following  is  noted  :  The  con- 
crete of  the  lock  bed  is  composed  of  a  mixture  of  9  parts  of  broken 
stone  (granite)  and  5  parts  of  trass  mortar.  This  trass  mortar,  which 
is  prepared  in  mills,  is  composed  of  1  part,  by  volume,  of  trass,  |  part 
of  fat  lime,  and  1  part  of  sand.  The  mixing  of  the  broken  stone  and 
mortar  was  carried  on  in  the  ordinary  wooden  drums. 

The  masonry  superstructure  and  the  covering  of  the  concrete  in 
the  lock  and  gate  chambers,  as  well  as  the  wings,  are  built  of  brick. 
Granite  blocks  are  used  on  all  projecting  parts,  or  on  those  which  are 
exposed  to  injury,  as  well  as  where  special  dimension  stones  are  neces- 
sary.    "With  these  exceptions  the  outside  walls  are  covered  with  clinkers 
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iu  rougli-cast  mortar,  wliicli  are  brought  from  Sweden  and  are  particu- 
larly tough  and  very  regular  in  form.  Rhine  basalt  lava  is  used  for 
covering  the  lock  walls,  esceiJting  the  machinery  chambers.  In  order 
to  save  exjjense  large  cavities  are  left  in  the  brick  masonry  in  the  inte- 
rior of  the  thick  walls,  which  are  rammed  full  of  concrete — a  mixture 
of  1  part,  by  weight,  of  cement  and  8  parts  of  sand.  The  common 
stones  used  in  the  backing  are  prepared  in  a  kiln  arranged  for  the  pur- 
jjose,  in  which  the  brick  clay  excavated  in  digging  the  canal  is  burnt. 
The  mortar  used  in  the  superstructure  masonry  is  composed  generally 
of  1  part  by  weight  of  cement,  ^  part  of  fat  lime,  and  4  parts  of  sand. 
This  mortar  is  prepared  in  the  same  mills  which  served  for  the  trass 
mortar.  Comparative  experiments  have  shown  that  the  mortar  pre- 
l^ared  in  the  mills  is  very  much  stronger  than  that  prepared  by  hand 
or  in  a  mortar  troiigh,  on  account  of  the  more  intimate  mixture  of  its 
ingredients. 

In  the  rough-casting  and  freestone  masonry  cement-sand  mortar 
was  used,  mixed  in  the  proportions  1  :  2  and  1  : 1,  respectively.  In  the 
construction  of  the  locks  there  was  used  apjjroximately — 

60  000  cu.  m.  (2  119  200  cu.  ft.)  concrete. 
5  500       "       (    194  260      "      )  freestone  masonry. 
65  000       "       (2  595  800      "      )  brick  masonry. 
10  000       "       (    353  200      "      )  rammed  concrete.     . 

The  brick  masonry,  including  the  rough  casting,  consumed 
26  000  000  bricks. 

3.  The  Gates.  — The  lock  gates  are  arranged  as  mitre  gates.  A 
marked  dift'erence  exists  in  the  manner  of  constructing  the  lock 
gates  and  the  shutting  gates,  on  account  of  their  different  uses.  The 
former  are  divided  into  those  which  shut  out  the  flood  in  the  East  Sea 
and  those  which  hold  the  waiter  at  canal  level  during  the  ebb.  The 
head  gates  are  designed  as  ordinary  gates,  as  they  have  been  trans- 
formed from  wood  to  iron  methods  of  construction.  The  low  tail 
gates,  on  the  contrary,  were  jjlanned  as  so-called  "fish-pond  gates," 
by  which  a  single  strong  bolt  above  holds  the  gate,  vertical  posts 
transferring  the  hydraulic  pressure  below  directly  to  the  stone  sills, 
and  above,  to  the  aforesaid  bolt.  All  the  gates  together  with  double- 
lead  water-tight  sheathing  form  caissons. 

The  shutting  gates  are  so  arranged  that  they  can  be  closed  by  rush- 
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ing  water  without  danger.  For  this  jDurpose  they  have  a  large  aper- 
ture which  can  be  closed  by  sluice  gates,  which  are  left  open  during 
the  closing,  in  order  to  leave  a  large  part  of  the  cross-section  of  the 
lock  free  for  the  passage  of  water.  Only  when  the  gates  are  entirely 
shut  are  the  apertures  slowly  closed.  Until  then  the  sluice  gates 
hang  by  pulley  chains  in  front  of  the  box  (which  forms  the  lower  j^art 
of  a  gate  wing).  That  they  may  be  more  easily  ojjerated,  they  are 
supplied  with  cast-iron  pulleys,  by  which  they  are  moved  on  guide  rails. 
The  gates  are  made  chiefly  of  cast  iron  ;  the  sluices  of  the  shutting 
gates,  of  oak. 

4.  Pontoon  Gates,  Sluice  Gates  of  the  deeding  Culverts  enclosed  in  the 
Masonry  Capstans,  Futtock  Heads,  Stairs  and  Fenders. 

At  both  ends  of  the  locks  there  are  rabbets  encased  in  freestone,  in 
which  the  pontoons  may  be  set,  making  the  locks  water-tight  from  the 
inner  and  outer  harbors.  The  pontoons  are  made  in  the  usual  manner, 
as  a  kind  of  vessel  of  cast  iron.  The  water  ballast  is  provided  for  in 
such  a  way  that  the  pontoons  rise  and  fall  automatically. 

The  feeders  of  the  locks  are  closed  by  wooden  rolling  sluice  gates, 
which  are  similar  to  those  of  the  shutting  gates. 

The  locks  are  provided  with  a  number  of  capstans,  by  which 
vessels  may  be  drawn  in  and  out,  as  well  as  other  assistance  rendered. 
Futtock  heads  and  stairs  also  belong  to  the  equipment,  the  latter  lead- 
ing from  the  toj)  of  the  lock  walls  to  the  water. 

Floating  fenders  of  wood  made  of  several  strong  pieces  of  timber 
bound  together  prevent  vessels  from  bumping  against  the  masonry 
walls.  This  precaution  is  taken  particularly  on  account  of  the  passage 
of  large  war  vessels.  If  it  should  be  necessary  to  use  the  full  width 
of  the  locks,  the  fenders  can  be  readily  disengaged  from  their  chains 
at  any  time  and  removed. 

5.  Mechanical  Devices  Used  in  the  Locks. — All  the  movements  neces- 
sary in  operating  the  locks,  with  their  gates,  shiice  gates  or  cajDstans, 
are  performed  by  hydraulic  power,  but  the  design  is  such  that,  if 
necessary,  they  may  be  done  by  hand. 

The  hydraulic  pressure  is  brought  from  a  central  station  located 
south  of  the  locks  to  the  hydraulic  motors,  which  are  placed  in  the 
machinery  chambers  of  each  lock  wall.  Three-cylinder  rotating  ma- 
chines are  used  entirely  as  motors.  As  a  rule,  the  arrangement  is  such 
that  several  hydraulic  motors  work  on  a  common  axle,  in  which  way, 
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by  a  shifting  of  the  wheels,  which  may  be  thrown  out  of  gear  when 
necessary,  the  gates  can  be  opened  and  shut,  the  sluice  gates  and 
shutting  gates  can  be  raised  and  lowered,  or,  finally,  the  capstans 
driven.  By  an  extremely  simple  device  in  the  hydraulic-pressure 
pipes,  corresponding  parts  on  both  sides  of  the  same  lock  move 
simultaneously  and  with  equal  rapidity.  The  same  arrangement 
makes  it  possible  to  produce  all  the  movements  from  the  middle  wall 
of  the  locks.  A  gang  of  men  on  the  side  walls  will  be  necessary  only  for 
supervision  and  for  services  occurring  seldom  and  at  stated  times. 
Plate  IX  (Figs.  7  and  8)  illustrates  exactly  the  arrangement  of  the  whole 
and  of  the  separate  hydraulic  motors. 

It  remains  to  be  said  that  the  corresponding  shutting  gates  of  both 
locks  perform  their  motions  simultaneously  ;  that  all  gates  are  turned 
by  transferring  the  motive  power  by  strong  racks  and  pinions  ;  that 
the  capstans  at  the  ends  of  the  locks  have  each  an  especial  motor,  and 
that  the  pressure  of  the  water  is  50  atmospheres.  All  the  machinery 
chambers  and  passage-ways  can  be  heated  by  steam  by  means  of 
steam  pipes  connected  with  the  boiler  in  the  central  power  station. 

6.  Tlie  Approaches. — The  timber  approaches  provided  in  the  inner 
and  outer  harbors  in  connection  with  the  locks  serve  as  guides  for  in- 
going and  outgoing  vessels.  They  consist  of  timber  floats  which  rest 
against  huge  clusters  of  piles,  which  are  able  to  withstand  the  shocks 
from  moving  vessels. 

III.  Description  of  the  Execution  of  the  Work. — 1.  Earthwork. — On 
January  5th,  1889,  the  construction  of  the  East  Sea  Locks  was  begun 
by  excavating  to  a  depth  of  -{-  13.77,  i.  e.,  to  6  m.  (19.68  ft.)  below  mean 
water  of  the  East  Sea.  This  excavation  was  surrounded  by  embank- 
ments, which  insured  protection  from  the  storm  floods  of  the  East  Sea. 
The  greater  j^art  of  this  work  was  completed  in  the  course  of  the  same 
year. 

All  elevations  in  this  paper  refer  to  a  datum  plane  lying  20  m. 
(65.60  ft.)  below  normal  zero,  or  19.77  m.  (64.85  ft.)  below  mean  water 
of  the  East  Sea. 

2.  Control  of  the  Water. — At  the  same  time  exi^eriments  were  made 
as  to  the  most  successful  method  of  controlling  the  water  for  the  sub- 
sequent work  of  excavation  and  laying  the  foundations.  The  borings 
made  indicated  that  a  stratum  of  sand,  lying  at  about  ±  0,  contained 
pure  water  under  such  a  high  pressure  that  it  rose  in  the  tubing  to 
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+  23.77  m.  (77.97  ft.)  and  spouted  from  the  deeper  borings  as  from  ar- 
tesian wells.  The  ground-water  which  came  up  was,  as  expected,  fresh. 
It  is  evidently  under  the  pressure  of  higher  and,  perhaps,  far-distant 
sources,  and  flows,  as  a  subterranean  stream,  to  those  deep-lying  jDor- 
tions  of  the  East  Sea  where  the  sand  stratum  containing  the  water 
crops  out  in  the  sea.  Careful  observations  of  the  behavior  of  the 
ground- water  which  were  made  during  construction  in  the  excava- 
tions as  well  as  in  their  surroundings,  confirm  this  hypothesis.  With 
the  high  pressure  of  the  water  in  the  sand  stratum  it  was  feared  that, 
after  the  excavations  in  the  earth  for  the  concrete  bed  of  the  locks  were 
comi^leted,  the  stratum  of  clay  left  between  the  latter  and  the  water- 
bearing sand  could  not  withstand  the  pressure  of  water  from  below. 
It  was  anticipated  that  under  this  joressure  strong  springs  and  possibly- 
even  larger  outflows  would  occur,  and  that  the  pumping  of  the  water 
would  result  in  a  constantly  increased  loosening  of  the  soil.  In  order 
to  avoid  these  evil  consequences  it  was  necessary,  either  to  allow  the 
water  to  rise  in  the  trenches  to  a  considerable  height  and  to  lay  the 
concrete  under  water,  or  to  drain  the  lower  sand  stratum  in  the  most 
jiidicious  manner  and  thus  to  lessen  the  pressure  there.  The  latter 
method  was  chosen.  A  timber  shaft  was  sunk  to  the  lower  stratum  of 
sand  and  furnished  with  a  powerful  pump,  and  in  this  way  it  was 
ascertained  that  the  stratum  could  be  drained  and  the  water  pressure 
diminished  by  pumping.  Three  masonry  wells,  having  outer  diameters 
of  5.04  m.  (16.53  ft.)  and  inner  diameters  of  3.50  m.  (11.48  ft.),  were 
sunk  to  the  bottom  of  the  excavation  [temporarily  at  -f  18.77  m.  (45.17 
ft.)],  but  outside  of  the  sheet  piling  of  the  locks.  This  work  was 
begun  on  April  12th,  1890,  and  finished  on  November  20th  of  the  same 
year.  The  lower  edges  of  the  wells  are  at  elevations  of  —  2. 13  m. 
(6.99  ft.),  —  0.41  m.  (1.34  ft.)  and  —  0.47  m.  (1.54  ft.),  respectively. 

A  fourth  well  which  was  originally  j^lanned  for  was  afterwards 
found  unnecessary. 

The  wells  were  excavated  and  sunk  by  the  use  of  comi^ressed  air, 
and  filled  at  the  base  with  coarse  sand,  gravel  and  stones,  as  in  a  filter. 
Plate  VII,  Fig.  4,  shows  a  section  of  one  of  the  wells  which,  when  the 
locks  are  completed,  is  to  be  built  up  to  the  top  of  the  lock  platform 
and  arched  over,  to  be  used  again  in  case  it  is  found  necessary  to  drain 
the  locks  to  lessen  the  pressure  on  the  lower  part  of  the  masonry 
foundation. 
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The  contracts  for  the  foundations  and  masonry  were  awarded  in 
the  fall  of  1890,  and  the  work  begun  in  January,  1891.  The  wells 
were  first  j^rovided  with  rotary  pumjis,  and  these  set  to  work  to  drain 
the  lower  sand  stratum.  The  control  of  the  grotmd-water  and  the 
desired  diminution  of  pressure  were  thus  attained  in  the  most  satis- 
factory manner.  Iron  pipes  were  laid  around  the  excavation  at  the 
depth  of  the  sand  stratum  to  observe  the  intensity  of  water  jjressure, 
and  the  water  stage  was  taken  at  regular  intervals.  During  the  first 
months  the  water  sank  rapidly,  but  afterwards  more  slowly.  On  the 
1st  of  April,  1892,  /.  e.,  after  about  li  years  of  constant  pumping,  the 
stage  in  the  pipes,  which  at  first  reached  the  average  elevation  of 
+  22.02  m.,  had  sunk  about  10.25  m.  (33.62  ft.)  to  +  11.77  m.  Three 
boring  tubes,  which  were  afterwards  driven  under  the  middle  wall,  in- 
dicated a  stage,  on  an  average,  of  less  than  +  7  m.  (22.96  ft.),  so  that 
the  head  of  the  ground-water  in  the  inside  of  the  excavation  was 
diminished  by  more  than  15  m.  (49.20  ft.).  There  resulted  from  draw- 
ing oflf  the  ground-water  an  excavation  almost  completely  dry,  into 
which  the  strata  of  clay  allowed  no  water  to  i^ass,  and  the  sand 
stratiim,  which  was  exposed  in  some  jjlaces,  allowed  but  a  few  springs 
'ndth  slight  pressure  to  come  in.  The  Avater  entering  by  these  springs, 
as  well  as  all  water  entering  the  excavation  from  outside,  was  con- 
ducted to  the  wells  through  clay  j^ipes  30  cm.  in  diameter,  laid  with 
open  joints  in  gravel  through  the  entire  length  of  the  middle  of  each 
wall.  Two  transverse  lines  connect  these  pipes  with  one  another  and 
with  the  three  pump  wells,  forming  a  complete  network  of  drains,  with 
minor  lateral  lines.  The  cross-sections  (Plate  VII,  Figs.  3  and  4)  show 
the  iJosition  of  the  clay  i^ipes. 

The  three  piimp  wells  have  cost  about  100  000  marks,  exclusive 
of  i3umps,  but  this  is  more  than  balanced  by  the  greater  economy  in 
construction  —the  lessening  of  the  earthwork  and  the  thickness  of  the 
concrete,  the  substitution  of  thin  partitions  (moulds)  for  the  tem- 
porary sheet-piling  of  the  middle  wall,  etc. 

3.'  Work  on  Foundations  and  Laying  of  Masonry. — From  this  point 
the  work  was  regiilarly  prosecuted  without  any  particular  events. 

The  foundation  work  was  begun  on  the  19th  of  March,  1891,  by  deep- 
ening the  excavation  to  -f  10.77  m.  Next,  the  concrete  and  masonry 
of  the  lock  walls  were  finished,  and,  after  the  latter  had  entirely  set- 
tled, the  concrete  and  upper  masonry  of  the  lock  beds  were  completed. 
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After  the  earthwork  was  carried  down  to  +  10.77  m.,  the  sheet  piling  of 
the  side  walls  was  driven.  The  earth  between  these  rows  of  sheeting 
was  dug  out  to  the  projected  depth  and  the  concrete  then  laid.  The 
earth  under  the  middle  Avail  was  removed,  and  after  the  moulds  pro- 
vided for  enclosing  the  masses  of  concrete  were  torn  down,  the  con- 
crete was  laid  there  also. 

Excavation  was  done  partly  with  a  "dry"  excavator  and  partly 
by  hand.  The  sheet  piling  was  driven  mostly  with  direct-acting 
drivers;  in  a  few  cases  with  steam  pile-drivers.  The  concrete  was  laid 
to  its  full  thickness  at  once  by  means  of  a  tipping  trough  with  a  light 
tami^ing  of  the  surface. 

Concrete  work  on  the  longitudinal  walls  was  begun  July  6th,  1891, 
and  finished  November  26th,  1891.  In  the  beginning  of  September 
of  the  same  year  the  concrete  first  laid  had  sufficiently  hardened  to 
begin  the  upper  masonry. 

The  winter  interrupted  all  work,  which  was  resumed  in  March, 
1892.  The  lock  walls  were  nearly  completed  in  the  year  1892.  It  was 
possible  to  lay  about  three-fourths  of  the  concrete  of  the  lock  beds 
diiring  the  second  half  of  the  year  1892.  It  is  expected  that  the  con- 
crete and  masonry  will  be  completed  during  the  year  1893,  excei^ting 
for  a  few  pieces  of  su^jplementary  work. 

4.  Gates  and  Mechanical  Arrangements. — The  gates  which  are  already 
begun  are  exj)ected  to  be  placed  in  July,  1893.  Portions  of  the  ma- 
chinery were  installed  in  the  machinery  chambers  of  the  side  walls  in 
1892.  The  jilacing  of  the  gates  and  the  installation  of  the  machinery 
necessary  for  their  operation,  as  well  as  for  working  the  sluice  gates, 
the  feeder  gates  and  the  capstans,  are  to  be  finished  according  to  the 
contract  by  April  1st,  1894. 

5.  The  Approaches. — The  completion  of  the  apiiroaches  will  be 
prosecuted  during  the  years  1893  to  1895. 

6.  Time  of  Completion. — It  is  intended — and  without  unlooked-for 
delays  it  can  be  accomplished — that  the  East  Sea  locks  shall  be  ready 
for  use  July  1st,  1894,  so  that  the  removal  of  the  coflfer-dams  can  be 
begun.  The  opening  of  the  entire  canal  for  commerce  will  follow  in 
the  summer  of  1895. 
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7.   Cost  of  the  East  Sea  Locks.  — The  cost  of  the  East  Sea  locks,   ex- 
clusive of  the  approaches,  will  amount  to  about  9  000  000  marks. 
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THE  NEW  RAILWAY  STATIONS  AT  DRESDEN. 


By  C.  KoPCKE,  Geheimer  Finanzratb,  and  O.  Klette,  Bauratli,  in 
Dresden,  Germany. 


Prepared  for  the  luternatioiial  Engineering'  Congress  of  the 
Columbian   Exposition,   1893. 


The  first  railway  in  Saxony,  and,  at  the  same  time,  the  first  consider- 
able railway  in  Germany,  was  that  betAveen  Leipzig  and  Dresden, 
commenced  in  the  year  1835,  and  opened  for  traffic  in  ftill  length  of 
115  km.,  or  72  miles,  in  1839.  This  railway  has  its  terminus  in  Dres- 
den-Nenstadt,  which,  exclusively  of  enlargements,  is  still  at  the  same 
place  as  54  years  ago.  The  station  is  situated  on  the  right  bank  of 
the  Elbe  River,  as  marked  by  the  letter  A  on  Plate  I. 

The  terminus  of  the  second  railway  built  in  Saxony,  from  Dresden 
to  Gorlitz,  which  was  opened  for  traffic  in  1846,  has  its  place  also  in 
Dresden-Neustadt,  near  to  that  of  the  Leij^zig  station,  with  which  it 
was  eai'ly  connected  by  a  siding  for  freight  traffic.  It  is  marked  in  the 
plan  with  B. 

N0T15. — Discussions  on  all  papers  presented  to  the  International  Engineering  Congress 
will  be  published  simultaneously  iu  the  number  for  December,  1893. 


KOPCKE  ON  RAILWAY  STATIONS  AT  DEESDEN.  451 

The  third  line  terminating  at  Dresden  is  the  Saxon-Bohemian  Rail- 
way to  Prague  and  Vienna,  completed  in  the  year  1849  by  the  Saxon 
government,  after  it  had  been  ceded  by  the  comjDany  which  had  under- 
taken it.  The  terminus  of  this  line  is  the  Bohemian  station,  marked 
in  the  plan  with  C.  A  prolongation  with  a  long  viadvict  and  a  bridge 
over  the  Elbe  unites  it  to  the  stations  A  and  B  of  the  older  lines  in 
Dresden -Neustadt . 

Another  company  constructed  the  short  Albert-Bahn,  named  after 
the  present  King,  then  Crown  Prince  Albert  of  Saxony,  from  Dresden 
to  Tharand,  finished  in  1854,  with  a  terminus  at  D  in  the  plan.  It  is 
now  only  a  coal  station,  the  passenger  traffic,  in  consequence  of  the 
purchase  and  extension  of  the  railway  by  the  Government,  having  been 
transferred  to  the  Bohemian  station  C. 

Finally,  in  the  year  1875,  the  railway  Berlin-Dresden  was  finished 
by  a  comi^any,  with  a  terminus  in  Dresden-Friedrichstadt  at  E  in  the 
plan,  and  with  a  connecting  track  to  the  Bohemian  station. 

Thus  there  are  now  in  Dresden  four  passenger  stations..  As  to  the 
freight  stations,  those  of  the  lines  ending  at  the  points  A,  B,  D  and  E 
of  the  plan  are  still  in  their  original  places,  whereas  the  freight  sta- 
tion of  the  Bohemian  line,  in  the  interest  of  the  City  of  Dresden,  want- 
ing space  for  extension,  has  been  transferred  to  the  point  F,  between 
C  and  D.  This  new  freight  station  F,  with  an  inclination  of  1  in  110 
at  its  western  end,  was  fitted  also  for  sorting  and  shunting  purposes, 
and  provided  with  repair  shops. 

This  multiplicity  of  railway  stations,  in  a  place  of  (1890)  305  000 
inhabitants,  lost  its  reason  for  existence  in  the  same  degree  as  the 
railways  passed  over  into  the  management  of  the  Government.  After 
the  acquisition  of  the  lines  to  Gorlitz,  Bohemia  (as  far  as  Bodenbach) 
and  to  Tharand,  the  Government  bought  in  1876  the  lines  of  the  Leipzig 
and  Dresden  Company,  and  at  last,  in  1888,  the  Berlin  and  Dresden 
line  from  Dresden  up  to  the  limit  of  the  kingdom.  Several  projects 
had  formerly  been  made  for  a  better  connection  of  the  Dresden  sta- 
tions, especially  the  passenger  depots.  But,  after  all  the  railways  had 
become  the  property  of  the  State,  a  total  transformation  of  the  railway 
system,  including  the  freight  stations,  was  jjlanned.  In  addition,  the 
river  navigation  on  the  Elbe  and  its  growing  importance  for  Dresden 
ripened  the  plan  of  a  large  river  harbor,  which  necessarily  had  to  be 
connected  with  the  railways. 
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Tlie  problem  to  be  solved  was  tlierefore: 

First. — The  erection  of  a  central  passenger  station;  for  which  tlie 
Bohemian  station  C  in  the  plan  was  chosen. 

Second. — -The  establishment  of  a  central  sorting  or  shunting  station, 
which  will  be  i^laced  at  E  in  the  plan,  by  enlarging  the  Berlin  station, 
near  which  also  the  river  harbor  will  be  excavated. 

Third. — The  connection  of  the  passenger  stations  on  the  right  bank 
of  the  Elbe  at  B  in  the  plan,  and  their  transformation  into  an  inter- 
mediate station  for  all  through  trains  of  the  Leiijzig,  Berlin  and  Gor- 
litz  lines  (the  jjassenger  traffic  for  Berlin  being  transferred  to  the 
Leijjzig  line). 

Fourth. — The  combination  of  the  freight  stations  in  Dresden- 
Neustadt  on  the  ground  of  the  Leipzig  station  A . 

Fifth. — The  laying  of  sidings  on  a  part  of  the  freight  station  F, 
for  storing  and  shunting  passenger  cars,  and  making  up  the  passenger 
trains,  and,  in  connection  therewith,  the  erection  of  the  necessary 
buildings  for  a  central  post-office. 

Sixth. — The  abolition  of  the  level  crossings. 

As  may  be  observed  by  looking  at  the  plan,  the  j^assenger  and 
freight  traffics  will  be  held  entirely  separate  by  ijassing  the  freight 
trains  through  the  whole  city  without  contact  with  the  jjassenger 
tracks.  All  constructions  for  the  passenger  traffic  are  placed  on  the 
side  towards  the  town,  and  those  for  the  freight  traffic  on  the  outside. 
Instead  of  four  shunting  yards,  as  until  now  in  use,  between  which 
the  freight  cars  not  intended  for  loading  or  unloading  at  the  arrival 
station  must  be  carried  to  and  fro,  there  will  be  common  sorting  and 
shunting  yard  combined,  with  a  large  repairing  establishment,  at  E 
in  the  plan.  Here  all  the  freight  trains,  including  those  from  the 
local  freight  stations  of  Dresden,  will  be  received.  For  this  purpose 
there  are  jjlanned  at  a  17  entering  sidings  of  600  m.  (2  000  ft.)  in 
length  for  receiving  trains  numbering  75  cars.  The  access  to  these 
sidings  is  nearly  independent  for  all  the  different  railway  lines,  and  four 
freight  trains  may  enter  at  the  same  time.  After  entering,  the  engine 
as  well  as  the  trainmen  leave  the  train,  and  the  papers  relating  to  the 
contents  are  taken  to  an  office  in  the  immediate  neighborhood, 
where  they  are  separated  according  to  the  destinations  of  the  various 
cars.  After  the  arrival  of  a  train,  a  shunting  engine  moves  the  cars 
on  a  double-track  railway,  laid   with   an  inclination  of  1  in  80  to  the 
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group  b,  of  five  inclined  sidings,  which  converge  into  an  end  siding, 
by  which  the  shunting  engine  leaves  the  train,  to  ]y-a\\  up  a  new  one. 
The  whole  sorting  station  forms  an  inclined  embankment  of  17  m. 
(57  ft.)  greatest  height,  filled  up  Avith  the  material  gained  from 
the  river  harbor,  about  1  500  000  cu.  m.  As  the  uniform  inclina- 
tion of  the  sorting  sidings  is  1  in  100,  the  freight  cars  run  by  gravity, 
and  experience  has  shown  that  this  inclination  is  sufficient,  even  during 
strong  contrary  winds.  Out  of  the  group  of  inclined  sidings  b,  the 
cars  x^xn  either  single  or  in  groups,  having  the  same  destination,  into 
the  sorting  sidings,  where  they  are  stopped  by  brake-blocks  laid  on 
the  rails.  There  are  30  parallel  sorting  sidings  (c  in  the  plan),  of  which 
every  one  receives  the  cars  for  a  jDarticular  direction,  be  it  in  Dresden 
itself  or  outward  on  the  lines.  Now  it  remains  to  arrange  the  cars  des- 
tined for  the  intermediate  stations  in  the  succession  necessary  for 
avoiding  all  subsequent  shunting.  This  is  done  by  using  the  so-called 
gridirons  (d  in  the  plan),  harp-shaped  groups  of  sidings.  In  the  ui3per 
gridiron,  with  eight  parallel  sidings,  eight  groups  of  cars  can  be  formed, 
and  in  the  second  gridiron  below  the  former,  with  four  parallel  sidings, 
every  group  may  be  separated  into  four  parts,  so  that  it  is  possible  to 
divide  a  train  in  4  X  8  =:  32  different  manners,  by  letting  them  move 
in  proj^er  succession  after  one  another.  For  the  freight  trains  start- 
ing from  Dresden,  there  are  no  more  than  16  different  destinations  of 
the  freight  cars,  and  ordinarily  only  eight  different  stations  conie  into 
consideration,  so  that  the  arranging  of  a  train  according  to  the  succes- 
sion of  the  stations  can  be  finished  in  the  first  gridiron.  Nor  is  this 
number  exceeded  by  the  branches  to  the  different  freight  houses,  mills 
and  other  loading  places  passed  by  the  local  trains  in  Dresden.  After 
passing  the  gridirons,  the  cars  run  into  the  departure  sidings  e,  where 
they  are  coupled.  These  sidings  are  14  in  number,  and  near  to 
them  are  placed  the  engine  houses,  so  that  after  being  manned  and 
furnished  with  the  necessary  papers  from  the  office,  to  which  they  had 
been  taken,  the  train  may  leave  the  station,  and  this  departure  can  be 
effected  in  four  different  directions  at  the  same  time.  The  ears  want- 
ing repairs  are  moved  from  group  c  into  special  sidings,  from  which 
they  are  conveyed  to  the  repairing  shops  at/  of  the  i^lan. 

The  length  of  the  sorting  yard  is  2  500  m.  (8  300  ft.);  its  breadth, 
including  the  workshops,  is  600  m.  (2  000  ft.).  There  are  51000  m. 
(170  000  ft.)  of  tracks  and  sidings.     As  the  jilan  shows,  there  is  still 


454  KOPCKE  ON  RAILWAY  STATIONS  AT  DRESDEN. 

room  for  a  considerable  enlargement  of  the  works  now  in  course  of 
construction. 

The  freight  stations  are  marked  in  the  plan  by  the  letters  A,  D,  F, 
G,  H  and  /;  they  are  all  in  direct  connection  with  the  sorting  yard, 
the  construction  of  which  was  begun  in  the  year  1891,  and  will  jDrob- 
ably  be  opened  for  traffic  in  the  month  of  May,  1894. 

The  sorting  by  gravity  has  been  practiced  many  years  in  Saxony, 
and  a  publication  on  this  method  of  arranging  the  cars  in  the  "  Organ 
fur  Eisenbahnwesen, "  1871,  page  60,  has  helped  to  give  an  impulse  to 
its  extension  over  Germany.  In  England  Mr.  Footner  has  introduced 
the  gridirons,  invented  by  him,  on  the  shunting  station  at  Edgehill, 
near  Liverpool,  as  is  described  in  the  ' '  Working  and  Management  of 
an  English  Railway,"  by  George  Findlay,  London,  1889,  under  the 
chapter  of  "The  Shunting  and  Marshalling  of  Goods  Trains." 

The  investigations  made  by  a  commission  of  officers  of  German 
railways  have  shown  that  the  arranging  by  inclined  sidings  requires 
no  more  than  half  the  time  and  cost  of  the  ordinary  shunting  by  the 
locomotive,  and  besides  causing  less  damage  to  men,  to  cars  and  to 
the  goods  conveyed,  this  proceeding  needs  the  least  extension  of  the 
sorting  station.  The  use  of  gravity  was  formerly  limited  either  to 
separating  the  cars  for  the  different  destinations,  or  to  collect  them  on 
the  departure  siding,  one-half  of  the  work — commonly  the  collecting 
— being  always  done  on  level  sidings  by  the  locomotive.  The  inven- 
tion of  Mr.  Footner  doubles  the  profits  of  the  working  by  gravity,  as 
it  unites  both  the  separation  and  the  combination  of  the  cars.  The 
new  sorting  yard  at  Dresden  will  be  the  first  api^lication  of  Mr. 
Footner's  method  in  Germany. 

The  chief  advantage  of  the  concentration  of  all  the  shunting  and 
marshalling  works  of  a  large  center  of  commerce  is  the  quick  dis- 
patch of  arriving  freight  trains.  Though  the  movement  of  cars 
between  some  of  the  local  freight  stations  and  the  sorting  yard  will  be 
multiplied,  the  saving  gained  by  the  quick  expedition  in  the  transit 
of  cars  overbalances  that  little  disadvantage. 

At  Dresden  the  number  of  oars  to  be  shunted  daily  is  about  3  000; 
but  the  new  yard  is  large  enough  for  arranging  4  000  cars,  and,  after 
the  possible  extensions,  the  number  of  cars  to  be  moved  may  be  still 
greater.  In  the  neighborhood  of  the  sorting  yard  there  are  large 
tracts  of  land  for  building  purj^oses,  and  esijecially  the  area  between 
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tlie  yard  and  the  river  harbor,  owned  by  the  Government,  offers  an 
opi^oi'tunity  for  erecting  industrial  establishments  with  branch  lines. 

The  establishments  for  the  passenger  traffic  are  with  reference  to 
the  plan  : 

First. — The  central  passenger  station  C. 

Second. — The  terminal  station  L. 

Third. — The  passenger  stations  at  Neustadt  B,  at  Friedrichstadt 
E,  and  Wettin  Strasse  K,  the  latter  two  serving  chiefly  for  the  city  and 
suburban  traffic,  for  which  other  stoj^ping-places  may  be  erected  in 
the  future  at  il/and  N. 

The  central  station  C  has  a  very  suitable  position,  lying  at  a 
distance  of  only  1  km.  from  the  center  of  the  city.  After  the  open 
grounds  fit  for  buildings  are  covered,  this  station  will  be  situated  in 
the  midst  of  the  Altstadt  or  the  earlier  part  of  the  city,  on  the  left 
bank  of  the  river.  For  the  Neustadt,  on  the  right  bank,  the  station  B 
will  be  well  accommodated  to  the  passenger  traffic. 

At  the  central  station  C,  the  tracks  and  jjlatforms  will  be  built  on 
two  levels,  differing  by  4.4  m.  (14  ft.  5  ins.).  For  the  east  and  west 
line,  Gorlitz-Dresden-Chemnitz,  the  central  station  will  be  used  as  a 
"  pocket-station,"  ending  before  Prager  Strasse,  the  first  street  crossed 
at  present  on  the  level  by  i-ailv/ay  tracks.  Now,  as  the  tracks  will  be  cut 
oflf  before  reaching  that  street,  it  is  not  necessaiy  to  elevate  them;  but  the 
elevation  is  required  for  the  tracks  passing  beyond  the  station,  in  order 
to  abolish  the  level  crossings  of  Prager  Strasse,  as  well  as  of  a  number 
of  other  streets  on  the  southern  side  of  it  in  the  direction  to  Boden- 
bach  and  Prague.  Thus  to  the  passengers  using  the  six  pocket-station 
tracks— about  one-half  of  all — the  mounting  of  stairs  will  be  sj^ared. 

The  central  station  will  be  connected  by  sidings  with  the  terminal 
station  L,  at  which  all  passenger  trains,  excepting  the  through  trains, 
are  to  begin  and  end  their  movements.  Therefore,  this  latter  station 
will  afford  ample  conveniences  for  the  making-uj}  of  trains  and  for 
sheltering  of  engines;  also,  for  the  despatch  of  j^arcel  goods  and  of  the 
whole  railway  business  of  the  post-office. 

The  passenger  stations  K,  B  and  E  will  only  have  intermediate 
traffic  in  connection  with  the  central  station.  The  tracks  and  sidings 
of  these  stations  are  either  above  (B  and  A")  or  below  {E)  the  jjublic 
streets,  and  are  therefore  accessible  only  by  stairs. 
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The  following  is  a  synopsis  of  the  areas  and  length  of  tracks  and 
sidings  of  the  new  stations : 

Square  Meters 

meters.  of  track. 

1.  Central  station  C. 180  000  23  000 

2.  Terminal  station  L 200  000  23  000 

3.  Intermediate  station,  Wettin  Strasse  K. .     25  000  1  500 

4.  Intermediate  station,  Friedrichstadt  E.. .     15  000  1  500 

5.  Station  Neustadt  B 130  000  18  000 

Total  for  passenger  traffic 550  000  67  000 

Square  Meters 

meters.  of  track. 

6.  The  sorting  and  shunting  yard  H  has  an 

area  of 750  000  98  000 

7.  Freight  station,  Altstadt,  F 135  000  15  000 

8.  Coal  station  D 95  000  11  000 

9.  Freight  station,  Neustadt,  yl  and  /. 310  000  31  000 

10.  Station  at  the  harbor  G 200  000  19  500 

11.  Old  quays  on  the  river  at  0  and  P  of  the 

plan 90  000  8  500 

Total  for  freight  traffic 1  580  000  183  000 


The  sum  of  the  areas  adapted  to  the  railway  traffic  of  Dresden  will, 
therefore,  be  158  -|-  55  =  213  hectares  (about  500  acres),  and  the  length 
of  tracks,  about  250  km.  or  155  miles.  As  the  area  of  the  city  is  2  858 
hectares,  the  railways  will  occupy  more  than  1%  of  it. 
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INLAND  TRANSPORTATION.— DISCUSSION  ON 
PAPER  No.  605.* 


By  C.  W.  Raxmond,  Edwaed  P.  North  and  F.  A.  Mahan. 


C.  W.  Eaymond,  M.  Am.  Soc.  C.  E.f — Captain  Mahan's  paper  raises 
many  imi^ortant  questions  of  national  and  commercial  policy  which  it 
is  impossible  to  discuss  adequately  on  this  occasion.  While  fully 
recognizing  the  ability  and  literary  skill  with  which  he  has  treated  the 
subject  of  inland  transportation,  I  am  compelled  to  dissent  from  many 
of  his  views. 

The  main  foundation  of  his  argument  in  favor  of  the  construction 
and  maintenance  of  artificial  water-ways  is  the  assumption  that  they 
furnish  cheaper  transportation  than  railways  for  heavy  and  bulky 
materials.  This  he  endeavors  to  establish  from  a  comiiarison  of  freight 
rates  for  grain  on  various  railways  and  water  lines,  showing,  he  thinks, 
a  decided  economy  in  favor  of  the  water  transportation.  For  example, 
the  average  freight  rates  per  bushel  of  wheat  from  Chicago  to  New 
York  in  1891  were,  by  Ir.ke  and  rail^  8.53  cents,  and  by  lake  and  canal, 
5.96  cents,  from  which  it  is  inferred  that  there  is  for  the  latter  route  a 

*  "  Inland  Transportation."  By  Capt.  F.  A.  Mahan,  Corps  of  Engrs.,  U.  8.  A.  Trans- 
acticms.  Vol.  XXIX,  page  97. 

t  Major,  Corps  of  Engrs.,  U.  S.  A. 
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saving  in  the  cost  of  transportation  of  2.57  cents  per  bushel.  Sup- 
posing all  the  grain  moved  from  Chicago  to  New  York  in  1891  to  have 
been  carried  over  the  water-route,  the  writer  considers  that  there  would 
have  been  a  saving  of  $3  208  500  in  the  total  cost  of  transportation. 

The  fallacy  in  this  method  of  comparison  lies  in  the  fact  that  it 
confuses  the  freight  rate  with  the  net  cost  of  transportation,  two  very 
different  things.  The  freight  rate  is  simply  the  price  paid  for  trans- 
portation. The  net  cost  of  transportation  includes  two  principal 
elements — the  toll  for  use  of  way,  and  the  cost  df  transport  proper. 
The  toll  for  use  of  way  covers  the  interest  on  the  cost  of  construction 
and  improvement  and  the  cost  of  maintenance.  The  cost  of  transport 
proper  covers  the  use,  management  and  care  of  the  vehicles  and  the 
expenses  of  traction. 

In  the  railway  freight  rates  quoted  by  the  writer  both  these  elements 
are  included,  while  the  water-route  rates  include  the  cost  of  trans- 
portation proper  only.  To  make  the  comparison  a  fair  one,  the  freight 
rate  for  the  water  route  should  include  the  toll  for  the  use  of  way.  I 
have  not  the  data  at  hand  to  determine  what  this  toll  amounts  to  for 
the  water  route  from  Chicago  to  New  York.  M.  Colson  states  that  for 
the  navigable  ways  of  France  the  average  cost  of  transport  proper 
should  be  doubled  to  allow  for  this  element.*  If  we  apply  this  rule 
to  the  water  rates  quoted  by  the  writer,  what  becomes  of  the  economy 
of  the  water  transportation  ? 

The  writer's  views  regarding  the  economy  of  inland  water-trans- 
portation are,  however,  based,  not  only  upon  the  statistics  of  our  own 
country,  but  also  upon  the  experience  of  other  nations.     He  says  : 

"  The  water-ways  of  France  and  Germany  also  show  economy  of 
transportation  when  heavy,  bulky  materials  are  to  be  carried.  The 
more  the  question  is  studied,  the  more  desirable  the  use  of  water-ways 
becomes.  It  is  evident  by  the  great  attention  which  many  nations  are 
bestowing  on  their  navigable  highways  that  there  is  something  real, 
something  tangible,  in  the  economic  results  to  be  obtained  by  water- 
carriage. " 

Doubtless  there  is  in  many  cases  something  real  and  tangible  to  be 
obtained  by  water-carriage,  but  it  is  certain  that  generally  this  tangi- 
ble something  is  not  economy  of  transportation.  An  analysis  of 
experience  in  France  seems  to  prove  conclusively  that  between  two 
given  points  the  mean  net  cost  of  transportation  is  in  general  lower  for 

♦Transports  et  Tarifs,  par  C.  Colson,  Ingenieur  des  Fonts  et  Chaussees,  etc.,  page  2U. 


DISCUSSION    ON   INLAND   TRANSPORTATION.  459 

the  railway  tlian  for  the  water-way.  Moreover,  it  has  been  asserted  by 
high  authority  that,  owing  to  its  advantages  of  speed,  regularity  and 
general  convenience,  transportation  by  rail  is  preferable  to  transporta- 
tion by  water,  even  when  the  cost  of  the  former  exceeds  that  of  the 
latter  by  about  20  per  cent. 

If  these  views  are  correct,  it  is  hardly  necessary  to  adopt  the 
author's  theory  to  account  for  the  temporary  abandonment  of  artificial 
water-ways  in  this  country.  This  theory  is  briefly  as  follows:  When 
railways  first  came  into  existence  the  people  were  carried  away  by  the 
marvelous  results  that  were  predicted  and  their  feelings  overpowered 
their  judgment.  The  capabilities  of  the  canals  had  not  been  fairly 
tested.  Under  the  influence  of  this  sentiment,  the  railway  system 
was  rapidly  developed,  the  best  ability  of  the  country  being  enlisted 
in  its  service.  In  addition  to  this  sentimental  obstacle,  the  canals  had 
to  contend  against  the  constant  and  vigorous  attacks  of  the  railway 
managements,  which,  although  composed  of  the  ablest  men  in  the 
country,  become  "ignorant  and  prejudiced"  when  water  transporta- 
tion is  in  question.  The  canals  were  not  improved  or  developed  so  as 
to  utilize  their  advantages  to  the  full  extent;  and,  unable  under  these 
circumstances  to  compete  with  the  railways,  they  were  abandoned,  or, 
if  maintained,  they  steadily  lost  ground  as  carriers  of  freight. 

This  is  not  the  way  I  read  the  history  of  American  transportation. 
When  the  railway  was  introduced,  the  people,  with  their  usual  sagacity 
in  business  matters,  saw  that  the  new  method  of  transportation  pre- 
sented advantages  which  artificial  water  routes  did  not  possess.  It 
was  available  at  all  seasons  of  the  year;  it  saved  time;  it  was  adapted 
to  both  light  and  heavy  freight  and  to  passenger  traflic;  it  furnished 
regularity  of  service;  and,  finally,  it  gave  the  lowest  net  cost  of  trans- 
portation. The  people  could  not  be  fooled  into  the  idea  that  they 
could  reduce  the  price  of  transjiortation  by  taking  i^art  of  it  out  of 
one  pocket  and  part  out  of  another.  They  developed  and  improved 
the  railways  at  the  expense  of  their  own  earnings  and  because  they 
believed  it  would  pay.  They  did  not  develop  and  improve  the  canals 
because  the  earnings  of  the  latter  would  not  bear  the  exi^enses  of 
development  and  improvement,  and  because  they  thought  it  would 
not  pay.  They  neglected  or  abandoned  the  canals  because  they 
rightly  believed  that  under  the  existing  conditions  of  the  transporta- 
tion of  the  country  any  other  course  would  be  a  financial  absurdity. 
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I  am  strongly  impressed  Avitli  the  idea  that,  although  the  American 
people  may  lack  the  wings  of  theory,  they  somehow  or  other  generally 
manage  to  arrive. 

I  cannot  agree  with  the  writer  that  the  abandonment  of  the  canals 
of  Pennsylvania  "partook  of  the  treachery  of  Judas."  For  my  part, 
I  can  see  a  canal  abandoned  and  in  decay  with  more  equanimity  than  I 
can  see  it  foolishly  and  uselessly  operated  at  the  expense  of  the  people. 
Incidentally  it  may  be  remarked  that  nine  of  the  Pennsylvania  canals 
are  still  operated,  although  doubtless  they  cannot  be  considered  finan- 
cially successful  if  cost  of  construction  is  taken  into  account. 

Does  it  follow  from  all  this  that  the  development  and  imi)rovement 
of  inland  water  transportation  is  inadvisable?  By  no  means.  There 
are  many  circumstances  in  which  such  a  policy  is  of  great  benefit  to 
the  public  interests.  In  some  cases  natural  water-ways  exist  which 
may  be  made  available  and  convenient  for  navigation  at  a  cost  which 
will  give  a  net  cost  of  transportation  for  heavy  freight  suJBficiently  low 
for  competition  with  the  railway  lines.  The  improvement  of  such 
water-ways  is  generally  wise  on  economical  grounds.  In  some  other 
cases,  even  where  improvement  involves  a  net  cost  of  transjDortation 
greater  than  that  obtained  from  the  railways,  it  may  be  sound  public 
policy  to  improve  a  water-way  at  the  public  expense.  For  example, 
such  a  route  may  be  needed  for  a  heavy  traffic  which  could  not  other- 
wise be  maintained  and  which  may  be  of  great  importance  to  the  man- 
ufacturing or  other  interests  of  the  country.  Such  a  route  again  may 
be  desirable  to  prevent  the  diversion  of  heavy  transportation  to  the 
sea  to  some  existing  water-route  in  a  foreign  country.  Finally,  it  may 
perhaps  be  wise  in  some  cases  to  maintain  water-routes  at  the  public 
expense  to  control  freight  rates  and  as  a  check  upon  railway  combina- 
tions; but  if  this  is  the  only  object  of  construction,  the  question  arises 
whether  the  Government  would  not  be  equally  justified  in  construct- 
ing and  maintaining  a  competing  railway  for  this  purj^ose. 

It  is  important  to  observe  that  the  desirability  of  impro\dng  the 
routes  of  water  transportation  in  any  country  increases  with  the  den- 
sity of  the  population  and  the  development  of  the  railway  system.  In 
a  country  which  is  not  densely  jjopulated  the  business  of  transporta- 
tion can  generally  be  handled  by  railways  more  economically  and  satis- 
factorily than  by  water-ways,  unless  indeed  there  are  natural  water- 
ways which  can  be  utilized  at  small  expense.     There  are,  however, 
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natural  limits  to  railway  expansion;  and  when  a  country  becomes  so 
densely  populated  that  its  transportation  business  cannot  be  conveni- 
ently handled  by  railways,  it  may  become  a  matter  of  high  public 
policy  to  utilize  the  water-courses  to  their  full  extent.  In  France  and 
Germany  this  condition  of  things  seems  to  have  been  nearly  reached. 
According  to  Colonel  King,*  France  in  1885  had  a  population  13  times 
denser  than  that  of  the  United  States,  with  1  mile  of  railway  to  11  sq. 
miles  of  territory.  The  population  of  Germany  was  15  times  denser 
than  the  United  States,  with  1  mile  of  railway  to  9  sq.  miles  of  terri- 
tory. It  will  be  readily  understood  that  the  question  of  the  compre- 
hensive development  of  a  system  of  water-ways  stands  upon  a  very  dif- 
ferent basis  in  these  relatively  small,  compact  and  densely  populated 
countries  than  in  our  own  extensively  and  sparsely  populated  country. 
Even  In  these  countries  the  wise  limit  for  the  extension  of  water  trans- 
portation is  still  the  subject  of  earnest  consideration  and  debate;  and 
in  France,  as  is  shown  by  the  author  himself,  the  improvement  of 
water-ways  was  seriously  neglected  for  a  period  of  25  or  30  years  after 
the  introduction  of  railways. 

The  author  is  in  error  in  supposing  thatino  systematic  plan  has  ever 
been  proposed  for  the  development  of  the  water-ways  of  the  country. 
In  fact  such  a  plan  was  very  fully  considered  by  the  Senate  Committee 
on  Commerce,  and  was  the  subject  of  very  elaborate  investigations 
and  reports  by  the  Corps  of  Engineers  from  1874  to  1881.  These  re- 
ports now  repose  in  their  appropriate  pigeon-holes,  awaiting  the  time 
when  the  conditions  of  the  country  justify  the  serious  consideration  of 
such  schemes ;  a  time  which,  in  my  opinion,  has  not  yet  arrived.  A 
special  committee  of  the  Senate  for  the  consideration  of  this  subject 
still  exists. 

In  fact  the  method  of  procedure  still  followed  in  this  country,  to 
which  the  author  so  strongly  objects — the  method  of  considering  each 
project  for  a  river  and  harbor  improvement  upon  its  own  merits,  with 
special  reference  to  existing  needs  and  conditions,  and  with  incidental 
reference  only  to  the  probable  necessities  of  the  distant  future — is  the 
only  method  which  can  be  wisely  followed  for  a  long  time  to  come. 
A  comprehensive  scheme  of  improvement  at  the  present  time  is  simply 
a  paper  scheme.  It  may  be  of  interest  to  theorists  as  a  hydraulic 
diversion,  but  it  can  be  of  no  present  value  to  practical  men  who  are 
seeking  results  of  immediate  benefit  to  the  country. 

*  River  Transportation  and  the  Muscle  Shoals  Canal. 
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Finally,  I  think  the  author  unintentionally  misrepresents  the  char- 
acter and  history  of  our  system  of  conducting  public  works,  and  fails 
to  recognize  its  very  remarkable  progress  and  results.  Although  con- 
siderable work  of  river  and  harbor  improvement  was  executed  at  the 
expense  and  under  the  direction  of  the  General  Government  previous 
to  the  Civil  War,  a  system  for  such  improvements  can  hardly  be  said 
to  have  existed.  The  present  system  may,  I  think,  be  considered  to 
have  originated  about  the  year  1866.  A  system  for  the  projection  and 
execution  of  public  works  cannot  be  improvised,  especially  under  a 
representative  form  of  government,  but  must  be  slowly  developed,  in 
conformity  with  the  character  and  needs  of  the  country;  and  it  can 
only  be  perfected  by  long  experience.  Accordingly,  it  is  not  a  matter 
for  sur^mse  that  at  the  commencement  of  the  system  and  during  the 
early  years  of  its  history  it  should  present  grave  defects,  and  serious 
obstacles  to  its  improvement  should  be  encountered.  Some  of  these 
obstacles  and  defects  may  be  briefly  noticed. 

1.  The  right  of  the  General  Government  under  the  Constitution 
to  execute  works  of  river  and  harbor  improvement  was  very  seriously 
questioned.  Even  admitting  this  right,  there  was  great  difficulty  in 
establishing  the  limits  of  the  powers  and  duties  of  the  Government 
and  those  of  the  States.  For  example,  the  Constitution  places  under 
the  control  of  the  General  Government  certain  matters  in  which  the 
interests  of  the  whole  country  are  directly  involved,  leaving  the  manage- 
ment of  purely  local  affairs  under  the  control  of  the  States.  But  there 
seems  to  be  no  direct  provision  for  the  control  of  matters  in  which  two 
or  more  States  are  involved,  to  the  exclusion  of  the  rest  of  the  country. 
If,  for  the  purpose  of  illustration,  we  suppose  it  to  be  desirable  to 
construct  a  comprehensive  system  of  levees  along  the  banks  of  the 
Mississippi  for  the  purpose  only  of  protecting  the  adjacent  lands 
from  overflow,  and  without  reference  to  the  needs  of  navigation,  it 
would  be  difficult  to  find  authority  for  the  execution  of  the  work  by 
the  General  Government;  and  yet,  in  the  nature  of  the  case,  it  is  a  work 
which  cannot  be  efficiently  accomplished  by  the^  States  interested. 

As  regards  this  question,  it  is  important  to  notice  that  there  is  a 
marked  distinction  between  the  improvement  of  maritime  ports  and 
their  approaches  and  the  improvement  of  routes  for  inland  transporta- 
tion. The  General  Government  derives  a  large  revenue  from  the  duties 
on  foreign  commerce,  the  collection  of  such  duties  by  the  States  being 
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expressly  prohibited.  It  therefore  seems  reasonable  that  the  General 
Government  should  bear  the  expense  and  assume  the  duty  of  creating 
and  maintaining  facilities  for  communication  with  foreign  countries. 
The  improvement  of  inland  navigation  by  the  General  Government  to 
facilitate  commerce  between  the  States  and  to  regulate  rates  of  trans- 
portation by  interfering  with  natural  development  under  competition 
is  an  entirely  different  question,  and  one  which  is  still  worthy  of 
serious  investigation  and  thoughtful  discussion. 

2.  Theoretically  the  improvement  of  a  harbor  or  water-way 
promotes  the  general  commerce  of  the  country  and  is  therefore  a 
benefit  to  the  whole  nation.  But  our  country  extends  over  so  great  an 
area,  and  its  commercial  interests  are  so  diversified,  that  practically 
each  imjDrovement  is  a  much  greater  benefit  to  its  immediate  locality 
than  to  the  rest  of  the  country.  The  extent  of  the  imjirovements  de- 
sired being  very  great  and  the  amount  which  can  be  obtained  from  the 
Treasury  in  any  one  api^ropriation  being  necessarily  limited  by  finan- 
cial and  political  considerations,  it  naturally  follows  that  there  is  a 
lively  competition  between  the  congressional  representatives  of  different 
parts  of  the  country  to  obtain  provision  for  improvements  in  their  own 
localities.  I  know  no  way  in  which  such  competition  can  be  prevented 
and  I  do  not  think  it  ought  to  be  i^revented  if  it  could  be.  It  seems 
to  be  the  best  if  not  the  only  way  to  insure  due  consideration  for  the 
interests  of  every  part  of  the  country.  But  in  the  early  days  this 
competition  resulted  in  bargains  between  members  of  Congress  by 
means  of  which  unwise  schemes  of  improvement,  which  doubtless  in- 
volved a  waste  of  the  public  money,  were  occasionally  adopted.  The 
extent  of  this  evil  has  been  very  greatly  overestimated,  the  amount  of 
money  unwisely  expended  under  the  orders  of  Congress  being  very 
much  smaller  than  is  generally  supposed,  even  in  the  early  years  ;  but 
the  evil  did  undoubtedly  exist.  At  that  time  our  system  was  alto- 
gether too  "comprehensive  !  " 

3.  As  a  very  large  number  of  improvements  were  demanded, 
and  as  the  total  amount  available  for  appropriation  was  limited,  it 
became  the  custom  to  scale  down  these  amounts  allotted  to  the  various 
works  frequently  below  the  limits  of  jirofitable  expenditure.  Thus 
the  total  cost  of  the  improvements  was  often  greatly  increased. 

4.  At  the  commencement  of  these  works  of  improvement  after 
the  termination  of  the  Civil  War,  the  number  of  GovernmeDt  engineers 
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who  had  much  experience  in  conducting  such  works  was  comparatively 
small.  The  work  of  the  Corps  of  Engineers  during  many  preceding 
years  had  been  principally  of  a  military  character,  and  the  methods  of 
administration  and  experience  of  the  corps  were  better  adapted  to 
military  than  to  civil  engineering.  The  officers  of  the  corps  were 
carefully  selected  from  the  graduates  of  West  Point  just  as  they  are 
at  the  present  time,  but  no  provision  was  made  for  training  them  to 
design  and  execute  civil  works,  except  the  elementary  course  of  in- 
struction at  the  military  academy.  Under  the  circumstances  it  was 
inevitable  that  for  awhile  mistakes  should  occur,  and  it  is  not  surpris- 
ing that  Congress  did  not  place  full  confidence  in  the  advice  and 
opinions  of  inexperienced  engineers.  Undoubtedly  the  committees  of 
Congress  did  in  these  early  days  occasionally  formulate  opinions  on 
purely  technical  subjects  which  they  were  not  professionally  qualified 
to  consider,  and  thus  to  some  extent  "usurp  the  functions  of  the 
executive,"  as  the  author  charges. 

If  time  and  space  permitted  it  would  be  interesting  to  trace  the 
development  and  improvement  of  this  system  through  the  past  quarter 
of  a  century;  but  I  must  confine  myself  to  a  brief  description  of  the 
system  as  it  now  exists.  The  acts  of  Congress  wjiich  provide  the  funds 
and  regulate  the  execution  of  works  of  river  and  harbor  improve- 
ment by  the  General  Government  are  framed  by  two  committees — the 
Senate  Committee  on  Commerce  and  the  House  Committee  on  Rivers 
and  Harbors.  The  Senate  Committee  consists  of  13,  and  the  House 
Committee  of  15,  members.  They  are  carefully  selected,  so  as  to  repre- 
sent all  the  commercial  interests  of  the  country.  The  majorities  of 
these  committees  are  composed  of  men  who  have  had  long  experience 
in  the  consideration  and  direction  of  legislation  for  public  improve- 
ments. The  Chairman  of  the  Senate  Committee  has  had  a  continuous 
experience  of  22  years,  and  the  average  length  of  service  of  the  mem- 
bers is,  I  believe,  at  least  12  years.  The  Chairman  of  the  House  Com- 
mittee has  had  a  continuous  experience  of  12  years,  and  another 
member  has  had  18  years  of  continuous  service.  Although  there  are 
more  changes  in  the  House  than  in  the  Senate  Committee,  it  contains, 
I  believe,  only  five  or  six  new  members,  the  average  length  of  service 
of  nine  members  being  about  eight  years.  These  are  the  men  with 
reference  to  whom  the  author  asks  the  question:  "  How  can  legislators, 
who  rarely  retain  their  seats  for  more  than  one  or  two  terms,  act  intelli- 
gently on  such  matters  ?" 
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These  committees  are,  to  all  intents  and  purposes,  commissions  to 
consider  and  recommend  projects  for  works  of  public  improvement. 
They  exert  an  influence  upon  legislation  which  could  not  possibly  be 
exerted  by  commissions  constituted  in  any  other  way,  and  they  main- 
tain the  closest  connection  with  the  people  and  the  States,  a  matter  of 
great  importance  under  our  form  of  government. 

The  information  upon  which  these  committees  base  their  action  is 
furnished  by  the  annual  reports  of  the  Chief  of  Engineers  and  the 
accompanying  reports  of  officers  in  direct  charge  of  works,  which  are 
prepared  with  great  care  in  accordance  with  a  carefully  devised  system, 
and  which  include  commercial  statistics  for  each  locality.  In  cases  of 
importance,  special  boards  or  commissions  are  organized  on  which 
civilians  are  sometimes  associated  with  the  Government  engineers. 
In  other  cases  permanent  commissions  have  been  created  for  the  con- 
tinuous investigation  and  direction  of  important  projects.  When  fur- 
ther information  is  required,  special  reports  on  specific  points  are 
called  for,  and  the  committees  frequently  pursue  their  investigations 
through  personal  conferences  with  the  Chief  of  Engineers,  the  divi- 
sion engineers,  the  local  engineers,  and  persons  interested  in  the  work 
under  consideration.  Individual  members  and  subcommittees  some- 
times personally  visit  the  works.  Legislation  is  almost  always  finally 
determined  by  a  conference  of  members  from  both  committees. 

The  system  now  adopted  to  prevent  un^vise  expenditure  of  the 
public  money  is  as  follows :  The  law  provides  for  certain  preliminary 
examinations  to  be  made  by  the  district  engineer  or  some  other  engi- 
neer detailed  for  the  purpose.  This  engineer  and  his  superior,  the 
division  engineer,  are  required  to  report  to  the  Chief  of  Engineers 
whether,  in  their  opinion,  the  harbor  or  river  under  examination  is 
worthy  of  improvement  by  the  General  Government,  giving  the  facts 
and  reasons  on  which  their  opinions  are  based,  including  the  present 
and  prospective  demands  of  commerce.  They  are  also  required  to 
submit  estimates  for  the  cost  of  survey,  and  the  preparation  of  plans 
for  improvement.  The  Chief  of  Engineers  is  required  to  submit  these 
reports,  with  his  own  views,  to  the  Secretary  of  War.  The  latter  is 
required  to  submit  them  to  Congress,  where  they  are  printed  for  the 
information  of  the  committees  and  the  other  members. 

After  the  consideration  of  these  reports,  if  Congress  so  orders,  the 
survey  is  made  and  the  project  is  prepared;  but  no  work  can  be  done 
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until  Congress  has  duly  considered  the  survey  and  project,  and  has 
authorized  the  work  and  appropriated  funds  for  its  commencement. 
This  method  of  procedure  has  resulted  in  the  rejection  of  a  great 
many  doubtful  schemes,  many  of  which  doubtless  would  have  been 
undertaken  in  earlier  years.  In  recent  river  and  harbor  bills  the  per- 
centage of  unwise  appropriations  (if  there  are  any)  is  probably  as  small 
as  can  be  obtained  under  any  human  system. 

The  evils  resulting  from  inadequate  appropriations  have  been  met  by 
the  adoption  of  the  system  of  so-called  continuous  contracts,  whereby 
the  making  of  contracts  for  complete  improvements  to  the  full  extent  of 
the  estimates  is  authorized,  the  work  to  be  paid  for  as  appropriations 
may  from  time  to  time  be  made  by  law.  This  system  is  still  an  experi- 
ment, but  it  has  already  been  adopted  for  about  seventeen  of  our  most 
important  and  expensive  works. 

As  regards  the  formation  of  opinions  on  purely  technical  subjects, 
the  committees  are  now  almost  wholly  guided  by  the  advice  of  Govern- 
ment officers  or  other  professional  engineers.  Looking  back  to  the 
State  of  our  engineering  knowledge  and  experience  twenty -five  years  ago, 
the  exercise  by  congressmen  of  independent  judgment  in  technical  ques- 
tions does  not  seem  to  me  surprising.  The  general  confidence  which 
the  committees  now  repose  in  the  officers  of  the  Corps  of  Engineers 
rests  upon  the  fact  that  for  a  quarter  of  a  century  we  have  had  practi- 
cal and  generally  successful  experience  in  the  conduct  of  public  works; 
that  our  methods  of  administration  have  been  perfected  and  adapted  to 
the  system ;  that  our  theoretical  instruction  has  been  increased  by 
a  three  years'  course  of  training  at  the  Engineer  School,  in  addition 
to  the  four  years  of  preparatory  education  at  West  Point  ;  and  finally 
(and  most  important  of  all),  that  our  opinions  are  believed  to  be  un- 
biased and  impartial,  and  are  confined  strictly  to  professional  ques- 
tions, except  when  we  are  directly  required  to  report  upon  questions  of 
public  policy. 

But  would  it  be  an  improvement  if  these  committees  were  partly 
composed  of  professional  engineers  ?  In  my  opinion,  most  emphati- 
cally, no.  The  members  of  the  committees  have  all  the  ability  and 
knowledge  necessary  to  fully  understand  any  project  the  engineers  may 
lay  before  them.  They  do  not  pretend  to  be  engineers,  and  therefore 
tliey  rely  on  the  Government  engineers  for  the  solution  of  technical 
problems  ;  but  in  practical  questions  of  finance,  comncierce  and  public 
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policy,  they  are,  as  a  rule,  vastly  superior  to  the  engineers.  On  the 
other  hand,  if  a  Government  engineer  should  advance  an  uninvited 
opinion  upon  a  question  of  public  policy,  he  would  not  only  violate  a 
well-recognized  principle  of  professional  etiquette,  but  he  would  dis- 
obey positive  orders.  The  established  rule  and  custom  of  the  Corps  may 
be  illustrated  by  the  following  quotation  from  the  general  order  giving 
instructions  for  the  preparation  of  the  annual  reports  for  this  year : 

"The  laws  do  not  call  for  opinions  as  to  the  propriety  and  expedi- 
ency of  making  appropriations  ;  but  they  do  require  facts,  both  as  to 
the  cost  of  works  and  as  to  the  commerce  interested,  in  order  that 
Congress  may  determine  the  question  whether  the  general  commerce 
of  the  country  will  be  promoted  by  the  several  works  of  improvement. " 

It  is  this  clear  division  between  the  legislative  work  of  the  com- 
mittees and  the  professional  work  of  the  engineers  (a  division  which 
seems  to  be  growing  sharper  year  by  year)  which  I  consider  the  moat 
admirable  feature  of  our  system. 

Looking  back  over  the  past  quarter  of  a  century  at  the  results 
attained,  not  only  in  the  improvement  of  our  executive  and  legisla- 
tive methods,  but  also  in  works  of  improvement  actually  accomplished, 
I  feel  that  the  United  States  has  no  reason  to  be  ashamed. 

In  conclusion,  I  desire  to  express  my  high  opinion  of  the  character 
and  ability  of  the  congressional  committees  in  charge  of  this  subject. 
Por  some  years  past  I  have  been  frequently  associated  with  these  com- 
mittees and  their  individual  members,  and  their  patience  and  industry 
in  investigation,  and  the  general  wisdom  of  their  decisions,  has  won 
my  respect  and  admiration.  Commissions  for  directing  public  policy 
in  river  and  harbor  works,  better  adapted  to  the  needs  and  conditions 
of  our  own  country,  and  more  thorough,  efficient  and  intelligent  in  the 
execution  of  their  work,  could  not  be  desired. 

Edwakd  p.  Nokth,  M.  Am.  Soc.  C.  E.  -  Eeferring  to  Captain 
Mahan's  very  valuable  paper,  "  Inland  Transportation,"  I  wish  to  call 
attention  to  the  assertion,  "Efforts  are  made  to  improve  certain 
streams,  but  each  stream  is  treated  simply  as  a  problem  in  hydraulics 
and  not  as  a  part  of  a  problem  in  commerce  or  transportation,"  and 
to  cite  in  that  connection  the  case  of  the  improvement  of  the  Kiver 
Main  from  Frankfort  to  the  Rhine,  about  22  miles. 

The  freightage  on  this  river,  which  had  a  governing  depth  of  less 
than  3  ft. ,  fell,  through  the  competition  of  the  railroads,  from  492  000 
tons  in  184=0  to  an  average  of  less  than  10  000  tons  for  the  years  1880- 
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82,  when  it  was  decided  to  improve  the  stream.  Although  the  govern- 
ing depth  in  the  Ehine  is  only  6  ft. ,  the  German  engineers  decided  to 
have  a  depth  of  8^  ft.  on  the  miter-sills  of  the  locks  and  completed  the 
work  as  far  as  the  construction  of  the  dams,  by-passes  and  locks  in  three 
and  a  half  years,  though  the  full  prism  excavation  was  left  for  ai  year 
or  two,  and  the  locks  have  since  been  lengtliened  from  246  to  1 165  ft. 

The  great  increase  of  traffic  to  Frankfort  is  shown  in  the  following 
tables  taken  from  the  ' '  Year  Book  "  of  the  Frankfort  on  the  Main  Cham- 
ber of  Commerce  for  1892,  viz. : 

Through  the  canalization  of  the  Main  and  the  harbor  improvements, 
the  freightage  of  the  Main,  exclusive  of  rafting,  has  increased  as  shown 
below  : 

Years.  Tons.  Ton-K.ilometers. 

1880-82 9  442  311 586 

1887 494  193  15  352  452 

1888 696  759  20  551  352 

1889 939  446  29  159  283 

1890 1  129  039  34  807  411 

1891 996  919  30  239  351 

1892 1  204  533  36  863  819 

Attention  is  called  in  the  "  Year  Book  "  to  the  fact  that  the  ton- 
kilometers  on  the  Main  have  increased  from  1882  to  1892,  118  times. 
That  this  increase  of  river  traffic  has  not  been  at  the  expense  of  the 
railroads,  is  shown  by  the  subjoined  table  : 

The  freightage  by  railroad  and  water  in  Frankfort,  without  transit 
and  raft  traffic,  was  as  follows  : 


Water  and 

Railroad. 

Tons. 

By  Water. 
Tons. 

Percentage. 

By  Rail. 
Tons. 

Percentage. 

1884 

1  014  519 
1  047  845 
1  088  047 

150  514 
150  805 
155  957 

14.8 
14.1 
14.3 

864  005 
897  041) 
932  090 

85.2 

1885 

85.9 

1886 

85.7 

Average,  3  years. . . . 

1  050  137 

152  425 

14.4 

897  712 

85.6 

1887 

1  373  691 
1  748  733 

1  911  758 

2  103  171 
2  045  268 
2  211  601 

360  063 
CIS  798 
677  610 
697  851 
577  165 
709  118 

26.2 
29.6 
30.2 
33.1 
28.2 
32.0 

1  013  628 
1  231  935 
1  334  148 
1  405  820 
1  468  103 
1  502  483 

73  8 

1888 

70  4 

18»9 

69.8 

1890 

66.9 

1891 

71.8 

18»2 

68.0 

Average,  3  years 

2  120  013 

661  211 

31.2 

1  458  802 

68.8 
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It  will  be  noticed  that,  comparing  the  two  three-year  periods,  the 
increase  of  all  freightage  was  nearly  102%  ;  that  by  water  was  333. 7%, 
and  by  rail,  62.5%,  but  the  aggregate  increase  by  rail  was  one  and 
three-quarter  times  greater  than  that  by  water.  This  is  possibly  the 
most  successful  instance  of  river  improvement  on  record,  taking  both 
the  time  in  which  it  was  made  and  results  into  consideration. 

In  contrast  to  this  we  might  instance  the  Tennessee  River,  which  in 
the  main  stream  and  its  tributaries  presents  a  length  of  about  1  000 
miles  that  under  improvement  would  be  available  for  navigation.  The 
Muscle  Shoals,  255  miles  from  the  Ohio,  have  been  under  improve- 
ment since  the  General  Government  gave  the  States  interested  a  land 
grant,  in  1827,  by  the  aid  of  which  a  canal  of  insufficient  length,  but 
with  6  ft.  on  its  miter-sills,  was  completed,  but  afterwards  abandoned. 
Since  1871  the  improvement  of  this  river  has  been  under  the  direction 
of  the  General  Government,  and  according  to  an  article  in  the  Railroad 
Gazette  of  November  14th,  1890,  ^3  112  500  had  been  ajjpropriated  up 
to  that  time,  "  and  the  interest  account  compounded  semi-annually,  at 
5%  per  annum,  amounts  to  $2  145  300,  or  about  two-thirds  of  the 
cost. "  At  this  time  I  believe  the  canal  had  not  been  used  commercially. 
This  computation  of  interest  was  probably  made  on  the  supposition 
that  the  expenditures  had  been  uniformly  distributed.  In  the  case  of 
the  Main,  such  interest  account,  on  the  same  supposition,  would  have 
been  only  about  1Q%  of  the  cost. 

There  is  also  another  noticeable  difference  between  the  practice  on 
the  Main  and  that  on  the  Tennessee.  The  depth  on  the  miter-sills  of 
the  locks  on  the  Main  is  37.5%''  greater  than  the  governing  depth  in 
the  Rhine,  to  which  the  Main  is  tributary.  This  allows  navigation 
to  Frankfort  by  large  boats  that  can  be  used  only  in  high  water, 
and  is  a  strong  incentive  to  further  improvement  of  the  Rhine  itself. 
On  the  Tennessee,  however,  the  dejjth  on  the  miter-sills  is  for  the 
present  canal  only  5  ft.,  instead  of  13,  or  more,  as  would  apparently 
have  been  adopted  if  the  same  views  as  to  the  value  of  large  and 
powerful  boats  had  governed  the  engineers  of  both  countries.  As  the 
navigation  jjast  the  Muscle  Shoals  is  in  part  through  a  trunk,  by-passes 
are  not  available,  so  that  the  through  traffic  is  restricted  to  boats  of 
5-ft.  draft.  Such  boaLs  lack  the  capacity  necessary  for  cheap  freights, 
nor  are  they  powerful  enough  to  tow  barges  in  high  water. 

Considering  the  length  of  the  Tennessee  and  its  affluents,  with  the 
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potential  wealtli  of  the  valley  drained,  this  does  not  seem  a  valuable 
issue  of  a  study  in  hydraulics,  and  as  a  part  of  a  river  system  over 
15  000  miles  in  length  it  must  be  of  less  value  to  the  transportation 
interests  than  to  those  rigorous  economists  who  hold  that  it  is  cheaper 
to  burn  the  steamboats  on  the  Mississippi  and  its  affluents  than  to 
expend  money  in  river  improvements. 

There  seems  no  other  valid  reason  for  expending  money  in  river  im- 
provements, except  a  fair  commercial  expectation  of  increasing  trans- 
portation facilities.  With  our  present  machinery  for  production  there 
are  commodities  enough  in  the  world,  and  the  true  benefactor  is  he 
who  reduces  the  cost  in  time  and  money  of  assembling  the  raw 
products  of  manufacture  and  their  distribution  to  consumers.  For, 
under  all  circumstances,  gains  made  by,  or  through,  transportation  are 
as  inimical  to  the  interests  of  a  country  in  which  they  are  made  as  gains 
made  through  reductions  in  the  pay  of  laborers  ;  as  the  cost  of  trans- 
portation must  be  taken  in  some  ratio  from  the  resources  of  both  pro- 
ducer and  consumer.  Our  wonderful  record  as  producers  and  con- 
sumers—a record  which  shows  that  with  65  000  000  out  of  1  500  000  000 
inhabitants  of  this  world,  the  people  of  the  United  States  produce  and 
consume  over  one-third  of  the  iron,  cotton  and  copper,  and  consume 
about  a  quarter  of  the  wool  and  sugar  produced -is  greatly  due  to  the 
fact  that  we  have  been  reducing  the  cost  of  transportation  per  unit  as  no 
other  people  have,  and  at  the  same  time  bringing  the  producer  and  con- 
sumer nearer  together,  and  that  they  both  have  secured  larger  returns 
for  their  expenditures  of  labor  and  money. 

It  is  remarkable  that  as  the  producer  and  consumer  have  been 
brought  nearer  together,  both  the  volume  of  freight  and  the  ton  mile- 
age has  increased.  At  the  same  time,  the  net  earnings  of  our  railroads 
have  not  been  materially  decreased.  In  fact,  in  some  instances,  they 
have  been  increased.  An  investigation  made,  preparatory  to  present- 
ing a  paper  to  the  Fifth  International  Congress  on  Internal  Navi- 
gation, "Notes  on  the  Relations  between  Railroads  and  Water-Ways  in 
the  United  States,"  showed  that  in  the  case  of  seven  trunk  lines,  viz. : 
the  Boston  and  Albany,  the  New  York  Central,  the  Erie,  the  Pennsyl- 
vania, the  Pittsburgh  and  Fort  Wayne,  the  Lake  Shore  and  the  Michi- 
gan Central  railroads,  the  average  freight  rate  per  ton-mile  fell  from 
2  cents  and  9  mills  in  1865  to  6.8  mills  in  1890,  and  that  the  average 
net  incomes  of  these  seven  trunk  roads  increased  from  20.207/O  i^i  1865 
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to  31.95j^  in  1890,  with  less  than  one-quarter  of  the  receipts  for  like 
services  in  1890  than  iu  1865.  And  the  average  values  of  the  stocks  of 
these  seven  companies  was  virtually  the  same  at  the  two  periods, 
although  their  stock  had  been  increased  by  236%,  and  the  bonds  by 
193%,  in  the  interim. 

It  will  be  immediately  seen  that  these  roads  are  parallel  to,  or  in 
continuation  of,  the  freight  rate  through  the  Great  Lakes.     This  reduc- 
tion of  freight  rates  to  245'o   of  what  they  had  been  25  years  before, 
with  the  consequent  national  prosperity,  was  more  due  to  the  com- 
petition of  the  water  route  than  to  any  other  one  influence,  if  not 
than  to  all  others.     The  above-mentioned  railroads  were  competing 
with  the  most    capacious  water  route  of  the  country.     The  great  re- 
ductions in  railroad  freight  rates  were  almost  invariably  inaugurated 
on  these  lines,  and  have  passed  to  all  the  roads  of  the  country;  these 
trunk  lines,  at  least,  have  increased  their  net  earnings.    In  this  instance, 
to  borrow  Captain  Mahan's  apt  quotation,  we  have  scattered  and  in- 
creased our  gear  through  the  great  industries  rendered  possible  by  the 
low  freights.     An  insufficient  improvement  of  a  water-course  may,  how- 
ever,  attack  the  money  invested  in  a  parallel  railroad  by  reducing 
freight  rates  just  enough  to  diminish  net  earnings  without  reducing 
the  charges  enough  to  develop  greater  production.     This  is  the  case  of  • 
the  man  that  withholdeth  more  than  is  meet,  but  tendeth  to  poverty. 
Our  system  of  internal  navigation,  on  the  whole,  however,  in  spite 
of  the  development  on  a  few  of  the  main  lines,  can,  as  Captain  Mahan 
observes,  scarcely  be  called  satisfactory.     The  minor  streams  are  un- 
improved; the  15  000  miles  of  water-courses  in  the  Mississippi  Valley  are 
unconnected  with  the  nearly  3  000  miles  of  other  rivers  emjatying  into 
the  Gulf  on  the  one  hand,  and  inadequately  connected  with  the  waters 
of  the  Great  Lakes  on  the  other.     The  production  of  the  Saskatche- 
wan Valley   should  be   made  tributary  to  the  prosperity  of   Duluth, 
through  the  Eed  Eiver  of  the  North,  and  n,  competent  canal.     At  the 
same  time,  both  the  lake  and  river  systems  of  the  Interior  should  be 
tied  together  and  with  the  waters  running  into  the  Atlantic  by  water- 
ways fitted  to  i^ass  large  traffics.     These  works  would  distribute  the 
advantages  of  cheaj)  freights  over  nearly  all  of  our  country  to  the  great 
increase  of  employment  and  values. 

Our  experience  with  the  Inter-State  Commerce  Commission  shows 
the  futility  of  trying  to  reduce  freight  rates  by  prohibitive  legislation, 
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or  at  the  command  of  a  select  body  of  men  who  are  supposed  to  possess 
special  fitness  for  the  purpose.  It  might  be  violent  to  say  that  this 
commission,  as  soon  as  it  was  fully  organized  and  in  working  order, 
succeeded  in  arresting  the  decline  in  freight  rates  which  had  been 
virtually  continuous  for  23  years.  But,  as  a  matter  of  fact,  this  decline 
■was  then  substantially  stopped.  And  apparently  we  have  no  insur- 
ance against  following  the  example  of  Great  Britain  in  freight  rates — 
viz.,  no  amelioration  in  the  charges  for  38  years — except  through  a 
radical  improvement  of  our  water-ways. 

If  this  contention  is  even  partially  accepted  it  must  be 
admitted  that  a  careful  study  of  the  problem  should  be  made 
by  a  commission  fully  competent,  both  by  technical  and  commer- 
cial knowledge,  to  deal  with  a  question  that  has  so  much  influence 
on  our  prosperity.  In  the  discussion  following  the  reading  of  Mr. 
Corthell's  paper,  "The  South  Pass  Jetties — Ten  Years'  Practical 
Teachings  in  Biver  and  Harbor  Hydraulics,"  I  recommended  {TVaizs- 
actions,  ji.  243,  Vol.  XV)  a  report  by  a  mixed  commission,  consisting 
of,  say,  three  civil  and  three  military  engineers,  with  four  persons 
interested  in  the  commerce  and  industries  of  the  locality,  as  precedent 
to  an  appropriation  for  the  improvement  of  a  stream  or  harbor,  and 
that  Congress  should  make  the  ajipropriation  necessary  for  the  com- 
pletion of  the  work,  so  that  it  could  be  conducted  with  the  speed 
necessary  for  economy.  One  part  of  this  recommendation,  viz.,  as 
to  appropriations,  has  in  some  instances  been  adopted  by  Congress. 

The  very  full  and  lucid  jjaper  contributed  to  the  Engineering  Con- 
gress of  the  Columbian  Exposition,  1893,  by  M.  I'lnspecteur-General 
des  Ponts  et  Chaussees  Guillain,*  recounts  an  error  that  is  probably 
irreparable  in  planning  the  imi^rovement  of  the  French  rivers  and 
canals.  Yet  every  question  was  apparently  fully  considered,  and  a 
judicious  decision  arrived  at  as  to  all  except  one.  A  scientific  system 
of  routes  has  been  selected,  connecting  the  difi'erent  river  valleys 
and  also  forming  great  through  routes  for  transportation;  the  size 
of  the  locks  has  been  (excejjt  on  the  Seine  between  Montereau 
and  Rouen)  made  uniform,  so  that  when  the  improvements  are  fin- 
ished a  boat  loaded  on  any  of  the  canals  of  France  can  reach  the 
frontiers  and  most  of  the  seaports.  And  this  has  resulted,  on  the 
canals  improved,  in  a  gain  in  kilometric  tonnage  of  109^  between  1876 
*  Traruactions,  Vol,  XXIX,  page  1. 
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and  1891.  And  M.  Delaunay-Belleville,  in  his  paper  presented  at  tlie 
Fifth  International  Congress  on  Inland  Navigation,  says  that  the 
augmentation  in  kilometric  tonnage  has  been  4S%  for  navigation,  as 
compared  with  9.3/,^  by  railroad,  for  the  ten  years  ending  with  1890. 

The  error  in  judgment,  and  apparently  the  sole  error,  made  in 
jjlanning  this  system  of  improvements  was  that  the  size  of  the  boats 
is  rigorously  limited  to  300  tons,  except  as  to  the  Seine  below  Monte- 
reau,  where  boats  of  1  000  tons  may  pass.  These  gains  in  water-borne 
traffic  were  made  against  the  highest  freight  rates  collected  in  any 
manufacturing  country  except  Great  Britain,  and  most  of  the  canal 
traffic  of  France  would  be  transferred  to  the  railroads  if  their  freight 
rates  were  no  higher  than  those  charged  in  this  country.  This  is  a 
very  serious  matter  for  France,  for,  if  she  reduces  the  freight  rates 
on  her  railroads  when  they  fall  into  the  hands  of  the  Government,  she 
will  impair  or  destroy  the  money  invested  in  the  canals. 

It  is  a  doubly  serious  matter  for  France,  as  the  standard  size  of  locks 
on  the  improved  German  water-ways  pass  boats  of  800  tons.  So  that,  iin- 
less  France  gives  her  manufacturers  low  railroad  freights,  which  will 
destroy  her  investment  in  inadequate  water- Avays,  she  will  be  still  fur- 
ther left  in  the  race,  through  the  cheaper  internal  freights  of  Germany. 
"  It  is  possible  to  raise  money  in  Europe  for  new  guns,  but  not  for 
new  locks."  Blame  for  the  adoption  of  300-ton  boats  on  the  French 
canals  has  not,  to  my  knowledge,  been  located  ;  but  it  does  not  seem 
possible  that  boats  of  that  size  for  a  maximum  could  have  been 
selected  if  forwarders  by  water  and  presidents  of  Chambers  of  Com- 
merce had  been  freely  consulted,  and  their  advice  had  cai-ried  due 
weight. 

It  is  unpleasant  to  differ  from  Captain  Mahan  in  his  estimate  as  to 
the  values  of  legislative  and  executive  judgment.  But  whether  the 
present  capacity  of  French  water-ways  is  the  result  of  executive  and 
administrative  judgment  coercing  the  legislative  or  not,  he  will  remem- 
ber that  of  the  five  vetoes  of  River  and  Harbor  bills  by  various  chief 
executives,  four  were  strictly  political  vetoes,  while  the  last  and  only 
one  since  1854  was  not  in  any  sense  a  partisan  proceeding,  but  was  by 
one  who  thought  he  believed  what  the  agents  of  railroads  and  bankers 
assured  him  he  did  believe.  The  veto  was  against  the  traditions  of  the 
party  to  which  the  vetoer  belonged,  and  was  rewarded  by  the  claque 
of  newspapers    which   has    so   long  and   vigorously  ojaposed    freight 
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reductions,  and  so  far  as  lie  was  able  by  this  veto  he  stopped  the 
reductions  in  freight  rates  then  in  progress.  Our  legislators  have 
made  no  such  mistake. 

Nor  is  the  Corps  of  United  States  Engineers  entirely  without 
members  who,  to  adopt  another  of  Captain  Mahan's  quotations, 
"think  they  think  what  they  are  taught,"  and  insist  on  making  im- 
provements which  do  not  improve,  and  fail  to  exceed  in  gravity  the 
mistake  of  the  French  only  through  the  fact  that  their  mistakes  are 
made  in  a  country  rich  enough  to  buy  both  new  guns  and  new  locks. 
Possibly  they  are  too  much  influenced  by  the  fear  that  some  man  or 
locality  may  make  money  through  the  proposed  improvement,  a  fear 
that  seems  easily  imi3lanted  in  breasts  of  a  certain  order  by  those  in 
the  present  enjoyment  of  profits.  A  blending  of  such  conservatism 
with  the  business  element  of  the  locality  sought  to  be  served  by  the 
appropriation  could  hardly  fail  to  be  beneficial  to  the 'interests  of  the 
country. 

It  is  suggested,  in  conclusion,  that  public  opinion  is  more  easily 
enlightened  by  object  lessons  than  by  arguments.  Disseminating 
knowledge  of  the  fact  that  freight  carried  on  the  lakes  during  the  census 
year  cost  less  for  transportation  by  $1.35  000  000  than  an  equal  ton- 
mileage  by  railroad,  and  that  that  sum  is  equivalent  to  a  dividend  of 
6&%  on  the  total  expenditures  by  the  general  Government  for  the  im- 
provement of  all  rivers  and  harbors,  has  countervailed  a  great  deal 
of  newspaper  mendacity.  As  a  result.  General  Poe  found  enthusiastic 
support  to  his  request  for  immediate  money  enough  to  deepen  the 
Lake  channels  to  20  ft. ,  but  it  is  doubtful  if  an  appropriation  for  17  ft. 
in  depth  woiild  have  passed  so  quickly.  If  the  administrative  officers 
of  our  Government  will  propose  improvements  which  by  their  capacity 
and  convenience  will  cheapen  transportation  over  large  areas  and 
develop  increased  production,  they  will  call  attention  to  the  beneficence 
flowing  from  the  recommendations  of  broad-minded  men,  those  who 
really  influence  the  great  powers  of  Nature  to  the  service  of  men  ; 
but  a  recommendation  to  increase  the  depth  of  a  10-ft.  river ^o  11  ft. 
will  develop  no  enthusiasm. 

Captain  F.  A.  Mahan. — Major  Raymond  seems  to  assume  that  I 
have  confused  the  freight  rate  with  the  net  cost  of  transportation, 
because  I  omit  to  make  a  specific  distinction  betAveen  the  cost  of 
carrying  and  the  cost  of  construction,  imijrovement  and  maintenance 
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of  tlie  way.  Perhaps  I  took  too  mucli  for  granted  as  to  familiarity 
with  the  figures  of  the  Erie  Canal  which  serves  as  my  gauge  in  speak- 
ing of  canals. 

Up  to  the  year  1882,  when  tolls  were  done  away  with  on  the  Erie 
Canal,  the  receipts  of  various  sorts  amounted  to  $127  815  823  47.  The 
cost  of  construction  and  maintenance  was,  up  to  the  same  year, 
S80  341  767  87,  leaving  a  balance  of  $S8  374  055  60.  Improvements 
are  evidently  included  under  the  cost  of  construction,  to  judge  by 
the  figures  under  this  head.  The  items  of  construction  and  mainte- 
nance during  the  six  years  from  1886  to  1891,  inclusive,  amount  to 
$6  812  731  50,  an  average  of  $1  135  455,  or  about  3,9^  of  the  excess  of 
the  receipts  over  expenditures.  Hence  the  investment  of  the  above- 
mentioned  excess  at  3%'  would  have  given  the  funds  necessary  to  carry 
on  all  the  work  which  has  been  done  during  the  past  few  years.  This 
use  of  the  earnings  of  the  canal  is  a  perfectly  legitimate  business  trans- 
action, and  on  this  basis  the  tolls  could  be  done  away  with  and  the 
canal  be  made  free.  In  other  words,  the  State  j^ays  the  tolls  for  the 
use  of  the  way  out  of  past  profits. 

I  do  not  agree  with  Major  Kaymond  when  he  says  "they  (the  people) 
did  not  develop  and  improve  the  canals  because  the  earnings  of  the 
canals  would  not  bear  the  expenses  of  development  and  improvement, 
and  because  they  thought  it  would  not  pay."  So  far  as  I  am  aware, 
the  canals  of  the  State  of  New  York  are  about  the  only  ones  which  have 
been  kept  up  at  all,  and  on  the  Erie  Canal  alone  can  the  canal  experi- 
ment be  said  to  have  been  fairly  tried. 

It  may  be  objected  that  I  make  no  allowance  for  stockholders'  profits, 
if  this  term  may  be  used.  This  is  found  in  the  increased  valuation  of 
property,  in  the  growth  of  cities,  in  the  general  development  of  the 
interests  of  the  State  and  its  people.  The  Erie  Canal  must  be  deemed 
a  success,  and  a  marked  success,  from  all  these  points  of  view. 

As  for  the  saving  of  time  by  rail  I  must  say  that  it  is  not  so  great 
as  many  people  suppose.  I  remember  that  when  I  was  in  charge  of 
the  work  at  Buffalo  it  took  as  long  to  send  cement  by  rail  from  New 
York  to  Buffalo  as  it  did  to  send  it  by  canal,  unless  it  were  sent  by  fast 
freight  and  extra  price  paid  therefor. 

Whether  the  railway  gives  the  lowest  net  cost  of  transportation  is 
a  question  which  is  not  at  all  settled  in  my  mind  on  certain  classes  of 
freight.     Railway  transportation  cannot  compete  with  transportation 
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on  the  ocean,  the  great  lakes,  the  sounds,  or  the  large  rivers.  That,  I 
believe,  is  universally  admitted.  A  stream  nearly  dry  during  one-half 
of  the  year,  and  frozen  over  during  the  other  half,  could  not  compete 
with  the  railway.  Between  these  two  extremes  there  is  a  water-way 
which  will  carry  as  economically  as  the  railways,  and  even  more  so. 
The  question  then  is,  can  an  existing  canal  be  improved  so  as  to  reach 
this  condition  ?     Some  can,  I  trow  ;  some  cannot. 

Major  Raymond  mentions  my  speaking  of  the  neglect  of  the  im- 
provement of  the  French  water-ways  for  a  period  of  25  or  30  years  after 
the  introduction  of  railways,  but  he  refrains  from  mentioning  the  extra- 
ordinary development  of  these  water-ways  since  the  limitations  and 
uses  of  railways  are  more  fully  understood. 

If  I  have  misrepresented  in  any  way  "  the  character  and  history  of 
our  system  of  conducting  i^ublic  works,"  it  is  certainly  unintentional. 
I  tally  recognize  the  immense  progress  and  the  remarkable  results 
obtained  by  the  corps  of  which  Major  Raymond  and  myself  have  the 
honor  to  be  members.  And  yet  I  cannot  but  believe  that  the  work  of 
the  corps  would  have  been  far  more  successful  had  more  attention  been 
paid  to  its  advice  and  recommendations,  or  if  the  corps  had  been  called 
on  to  prepare  extensive  projects  into  which  technical  details  enter 
largely. 

I  shall  not  attempt  to  follow  Major  Raymond  further,  as  he  has 
wandered  rather  afield  from  my  subject,  in  order  to  correct,  apparently, 
a  false  impression  which  he  seems  to  fear  I  have  caused.  For  this  I 
thank  him.  But  I  will  not  yield  to  him  in  doing  honor  to  the  corps  to 
which  we  belong. 

Mr.  North's  discussion  of  my  paper  seems  to  reinforce  my  argu- 
ments. At  the  same  time  he  dififers  with  me  on  some  points,  e.  g., 
the  value  of  legislative  and  executive  judgment.  "When  I  spoke  of  the 
executive  I  meant  not  the  President,  but  the  offices  of  the  executive 
dejjartments.  I  maintain  now  that  the  executive  officers  of  the  Govern- 
ment have  far  better  judgment  of  technical  problems  and  details  than 
Congress  possibly  can  have,  for  the  simple  reason  that  they  are  con- 
stantly handling  such  matters  and  are  giving  daily  and  increasing 
thought  thereto.  For  example,  I  hold  that  the  Chief  of  Engineers 
and  his  officers  are  far  better  able  to  decide  how  the  imjDrovement  of  a 
harbor  or  of  a  basin  of  a  river  should  be  carried  on  than  any  congres- 
sional committee  can  be,  and  a  fortiori  than  Congress  as  a  body.     Con- 
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gress  can  best  decide  whether  such  and  such  works  may  be  done  as 
matters  of  public  policy,  but  the  details  can  best  be  handled  by  the 
executive. 

"That  Congress  should  make  the  appropriation  necessary  for  the 
comjiletion  of  the  work,  so  that  it  could  be  conducted  with  the  speed 
necessary  for  economy  "  is  a  remark  which  has  been  rej)eated  over  and 
over  again  in  the  reports  of  the  Chief  of  Engineers.  For  more  than 
twenty  years  have  I  seen  attention  called  by  one  officer  or  another  to  the 
inefficient  methods  of  making  approj)riations,  but  apjiarently  without 
result.  To  be  sure,  appropriations  of  a  smaller  amount  are  now  made 
sometimes,  and  authority  is  given  to  contract  for  considerably  greater 
amounts,  but  there  is  no  promise  or  guarantee,  expressed  or  implied, 
that  the  funds  will  be  forthcoming  when  needed  to  meet  the  Govern- 
ment's obligations. 

It  happens,  unfortunately,  that  our  executive  or  administrative 
officers  may  not  propose  improvements  of  the  sort  mentioned  by  Mr. 
North  at  the  end  of  his  paper. 

The  Kiver  and  Harbor  bill,  api3roved  July  13th,  1892,  provides 
"That  no  preliminary  examination,  survey,  project  or  estimate  for 
new  works  other  than  those  designated  in  this  act  shall  be  made." 
This  proviso  effectually  bars  the  way  against  "the  administrative 
officers  of  our  Government  proposing  improvements,  which  by  their 
capacity  and  convenience  will  cheapen  transportation  over  large  areas 
and  develop  increased  production,"  until  they  are  invited  by  Congress 
to  present  such  a  proposition.  When  a  report  covering  this  ground 
shall  be  desired  by  Congress,  there  will  be  no  lack  of  ability  to  prej^are 
it  on  a  thoroughly  comprehensive  scale.  Our  country  is  large.  A  com- 
jjrehensive  scheme  of  the  sort  mentioned  must  cover  a  large  area.  It 
will  be  vastly  expensive  and  it  will  require  many  years  to  carry  it  into 
effect.  In  fact  its  cost  will  be  so  great  as  probably  to  insure  its  rejec- 
tion before  time  shall  have  been  taken  to  consider  that  a  large  sum 
divided  by  many  years  means  comjaaratively  small  annual  expense. 
Congress  moves  slowly,  as  a  rule,  but  the  past  season  shows  that  it  can 
take  prompt  action  when  public  opinion  makes  itself  sufficiently  felt. 
The  first  step,  then,  is  to  awaken  the  public  to  a  realization  of  its 
position,  the  rest  will  follow. 
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SUBAQUEOUS  ROCK  EXCAVATION.— DISCUSSION 
ON  PAPER  No.  606.* 


By  O.  M.  PoE  and  James  Deas. 


O.  M.  PoE,  M.  Am.  Soc.  C.  E.f— The  description  by  Mr.  Deas  of  the 
method  adopted  by  Colonel  Beaumont  for  subaqueous  rock  excavation 
on  the  Clyde  in  1880  ( Transactions  American  Society  of  Civil  Engineers, 
Vol.  XXIX,  page  138)  is  interesting,  and  the  information  is  valuable. 
A  large  amount  of  that  kind  of  work  has  been  done  under  my  direction 
dui'ing  the  last  ten  years,  and  I  am  an  ardent  advocate  of  siibaqueous 
blasting  and  the  use  of  dredges  for  removing  the  broken  rock,  in  piigf- 
erence  to  the  old  method  by  means  of  a  coffer-dam. 

In  August,  1883,  I  was  assigned  to  the  charge  of  the  work  of  im- 
proving Detroit  River,  at  the  Lime  Kiln  Crossing,  and  of  the  Hay  Lake 
Channel,  in  St.  Marys  River,  Michigan.  I  found  subaqueous  blasting 
in  progress  upon  both  works.  At  the  former,  the  contractor,  Mr.  C. 
F.  Dunbar,  of  Buffalo,  N.  Y. ,  had  in  use  an  efficient  plant  of  his  own. 
At  the  latter,  the   plant  belonged  to  the  United  States,  but  it  was 

*  "  History  of  the  Conversion  of  the  River  Clyde  into  a  Navigable  Water- Way,  and  of  the 
Progress  of  Glasgow  Harbor  from  its  Commencement  to  the  Present  Day."  By  James 
Deas,  C.  E  ,  Engineer  Clyde  Navigation.     Transactions,  Vol.  XXIX,  page  128. 

t  Colonel,  Corps  of  Engrs.,  Bvt.  Br.-Gen.,  U.  S.  A. 
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mucli  less  efficient  that  Mr.  Dunbar's,  although  the  idea  was  borrowed 
from  his. 

The  history  of  the  adoption  of  this  method  of  subaqueous  blasting 
by  Mr.  Dunbar,  may  be  briefly  given  : 

In  1866  or  1867,  Mr.  Dunbar  had  undertaken  the  removal  of  rock 
from  the  channel  at  the  harbor  of  Erie,  Pa.,  on  Lake  Erie.  He  drilled 
and  blasted  a  portion  of  the  rock  through  the  ice,  in  the  winter  time, 
and,  when  there  was  no  ice,  used  a  raft  for  the  purpose.  All  the 
drilling  was  done  by  hand.  The  average  depth  of  the  excavation  in 
the  rock  was  about  6  ft. 

In  the  fall  of  1872,  Mr.  Dunbar,  as  subcontractor  to  Mr.  George 
Neilson,  of  Belleville,  Ont.,  a  contractor  under  the  Canadian  Govern- 
ment, undertook  the  excavation  of  subaqueous  rock  at  the  harbor  of 
Port  Colborne,  Lake  Erie.  An  attempt  to  drill  the  rock  by  hand  failed, 
because  the  rock  was  found  to  be  so  hard  that  three  men  could  only  drill 
about  1  ft.  in  a  day,  and  the  use  of  some  more  economical  method  was 
imperative.  During  the  winter  of  1872-73,  Mr.  Dunbar  constructed  a 
steam  drilling  machine,  using  the  hull  of  an  old  dredge  to  carry  the 
machinery.  He  fitted  the  scow  with  a  vertical  spud  at  each  corner  to 
"pin  "  it  up  and  hold  it  firmly  in  position,  and  laid  a  track  on  the  edge 
of  the  deck  along  which  to  move  the  drills.  On  this  track  were  mounted 
two  5-in.  steam  cylinder  percussion  drills,  arranged  to  slide  up  and 
down  in  a  vertical  frame  overhanging  the  side  of  the  scow.  The  drills 
were  raised  or  lowered  by  means  of  a  windlass  operated  by  hand,  and 
were  moved  along  the  track  by  means  of  crowbars.  The  scow  was 
50  ft.  long,  and  by  starting  one  drill  at  the  end,  and  the  other  at 
the  middle  of  the  track,  each  drilling  five  holes,  at  intervals  of  5 
ft.  he  was  enabled  to  drill  ten  holes  at  one  position  of  the  scow.  Holes 
9  ft.  deep  could  be  drilled  without  changing  the  drill  bits  for  longer 
ones.  As  soon  as  a  hole  was  drilled  to  the  requisite  depth,  it  was 
charged  and  blasted  without  moving  the  sco^v.  When  one  row  of  holes 
had  thus  been  disi30sed  of,  the  scow  was  moved  back  from  the  face  of 
the  excavation  a  distance  of  6  ft. ,  and  the  oi)eratiou  was  repeated.  The 
depth  of  channel  made  was  14  ft. ,  which  required  the  removal  of  the 
rock  to  an  average  depth  of  2  ft.,  the  maximum  depth  being  about  6  ft. 
The  rock  was  a  hard,  black,  flinty  limestone  which  could  not  be  broken 
by  charges  of  ordinary  blasting  poAvder,  but  yielded  to  more  powerful 
explosives. 
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The  work  proceeded  successfully  from  June  to  October,  1873,  wlien 
the  work  was  stopped.  In  1875  the  Canadian  Government  re-let  the 
work,  biit  required  a  channel  depth  of  17  ft.  The  contract  was  awarded 
to  Mr.  Dunbar,  who  used  the  machine  described  above,  and  successfully 
completed  the  undertaking.  The  difficulties  encountered  were  :  1st, 
the  extreme  hardness  of  the  rock  (Mr.  Dunbar  considers  it  the  hardest 
he  has  ever  excavated),  and  2d,  exposui'e  to  heavy  seas,  which  required 
the  use  of  a  machine  that  could  be  readily  and  qiiickly  moved  to  a  i^laee 
of  shelter. 

During  the  progress  of  work  under  this  contract  Mr.  Dunbar  devised 
his  apparatus  for  charging  the  drill  holes.  It  is  equally  ingenious  and 
simple,  consisting  of  a  coj^per  cylinder  having  a  smaller  diameter  than 
the  drill  hole,  and  length  sufficient  to  admit  the  entire  cartridge.  At 
its  upper  end  it  is  attached  to  a  piece  of  iron  gas  pipe  long  enough  to 
extend  well  above  the  surface  of  the  water.  The  coj)per  cylinder  is 
slotted  on  one  side  throughout  its  whole  length,  to  permit  the  insertion 
of  the  cartridge  with  its  exi^loding  wires  fastened  to  the  upper  end. 
When  the  cartridge,  with  its  wires,  has  been  passed  into  the  cylinder, 
the  latter  is  inserted  in  the  drill  hole,  and  a  long  pole  is  passed  down 
through  the  gas  pipe  forming  the  extension  of  the  cylinder.  The  whole 
pipe  is  then  withdrawn,  the  pole  being  used  to  prevent  the  cartridge 
from  coming  with  the  cylinder.  As  soon  as  the  charging  ajjparatus 
has  been  entirely  removed,  the  cartridge  is  exploded. 

So  far  as  I  am  informed,  this  was  the  first  steam  drilling  plant  used  in 
this  manner  for  subaqueous  work.  It  was  afterwards  greatly  improved 
in  some  of  its  details,  but  the  essential  portions  have  not  been  changed. 
Among  the  most  imjiortant  improvemeats  have  been  the  introduction 
(while  engaged  upon  the  Lime  Kiln  Crossing  work  in  1879)  of  a 
hydraulic  ram,  to  move  the  drills,  both  vertically  and  horizontally, 
and  the  use  of  a  steam  jjump  to  force  water  into  the  drill  holes  for  the 
purpose  of  cleaning  them  of  all  debris. 

The  latter  device  was  jirst  applied  at  Middle  Neebish,  Hay  Lake 
Channel,  where  the  excavation  was  in  a  very  coarse,  hard  sandstone 
rock.  The  continuous  use  of  the  Avater-jet  during  the  operations  of 
drilling  obviated  the  difficulty  resulting  from  the  packing  of  sand 
(drill  cuttings)  around  the  drill  bit,  which  was  often  sufficient  to 
render  it  impossible  to  withdraw  the  bit  from  the  drill  hole.  It  also 
left  the  finished  hole  entirelv  fre3  from  sand  or  other  material  which 
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would  otherwise  prevent  the  cartridge  from  going  to  the  bottom  of 
the  hole.  Simple  as  this  device  is,  it  made  the  difference  between 
complete  success  and  partial  failvire  of  the  method  at  this  locality. 

While  Mr.  Dunbar  was  emijloyed  upon  the  contract  of  1875,  Mr. 
"W.  G.  Thompson  was  resident  engineer  of  the  Welland  Canal,  includ- 
ing the  harbor  of  Port  Colborne,  and  Mr.  C.  James  was  the  assistant 
engineer  in  charge.  If  these  gentlemen  are  still  living,  they  will 
doubtless  remember  all  the  facts  concerning  the  use  of  Mr.  Dunbar's 
methoa  for  subaqueous  blasting  at  Port  Colborne  Harbor. 

Apparently  Colonel  Beaumont's  adoptionfof  a  like  method  upon 
the  Clyde  in  1880  was  entirely  independent  of  any  knowledge  of  what 
had  already  been  done  on  Lake  Erie  in  1873,  and  again  in  1875,  as  well 
as  at  Lime  Kiln  Crossing  in  1879.  If  this  be  the  fact,  it  miist  still  be 
admitted  that  the  credit  of  priority  in  the  use  of  the  method  is  due 
to  Mr.  C.  F.  Dunbar. 

It  may  not  be  amiss  to  mention  the  prices  jjaid  for  subaqueous 
rock  excavation  in  recent  years  in  this  locality. 

The  last  contract  at  Lime  Kiln  Crossing  was  taken  by  Dunbar  & 
Sullivan,  at  $4z.4:S  per  cubic  yard,  measured  in  the  bank.  The  material 
is  a  compact  buff  limestone.  The  excavation  Avas  made  in  a  current 
averaging  about  3  miles  per  hour,  but  frequently  running  with  much 
greater  velocity.  The  channel  was  narrow  (only  300  ft.  wide  when  the 
contract  was  signed),  and  used  by  a  commerce  averaging  fully  one 
hundred  vessels  per  day,  many  of  large  size,  which  greatly  interfered 
with  the  progress  of  the  work  and  constantly  endangered  the  con- 
tractor's plant,  a  fact  which  had  its  influence  upon  the  price. 

The  last  contract  at  Middle  Neebish,  Hay  Lake  Channel,  was  taken 
by  John  Hiekler  &Sou,  at  .fl.20  j^er  cubic  yard,  measured  in  the  bank, 
a  condition  being  that  the  major  portion  of  the  material  should  be 
formed  into  a  dike  rising  4  ft.  above  the  surface  of  the  water.  John 
Hiekler  ct  Son  emj^loyed  DunVjar  &  Sullivan  to  do  the  work,  and,  it  is 
supposed,  at  a  price  sufficiently  below  that  named  in  the  contract  to 
leave  a  margin  of  profit  to  the  original  contractors. 

Dunbar  &  Sullivan  are  now  at  work  upon  two  contracts  for  deep- 
ening the  prism  of  St.  Marys  Falls  Canal,  one  at  $1.53,  and  the  other 
at  .fl.47  per  cubic  yard,  measured  in  sUu.  The  material  is  Potsdam 
sandstone  in  strata  of  varying  thickness.  The  depth  of  channel  is  25  ft. , 
and  the  average  depth  of  cutting  something  in  excess  of  8  ft.     The 
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canal  is  the  highway  for  a  commerce  which  last  year  amounted  to 
more  than  11  214  000  tons  in  233  days.  This  passing  commerce  seri- 
ously impedes  the  work,  but  not  to  greater  extent  than  was  anticipated. 

John  Hickler  has  undertaken  to  excavate  a  channel  21  ft.  deep,  at 
Sailors  Encampment,  St.  Marys  River,  through  blue  limestone  con- 
taining a  considerable  portion  of  flint,  the  contract  price  being  $2.43 
per  cubic  yard,  measured  in  situ,  the  average  depth  of  cutting  being 
something  more  than  6  ft.  Subaqueous  drilling  and  blasting  have 
been  in  progress  during  the  jjast  season. 

The  prices  noted  indicate  the  economy  of  the  method  under  dis- 
cussion. It  should  be  stated,  however,  that  a  coflfer-dam  at  Lime 
Kiln  Crossing  would  not  have  been  practicable  without  such  an  inter- 
ference with  navigation  as  to  be  inadmissible,  and  at  St.  Marys 
Falls  Canal  the  use  of  a  dam  would  have  been  confined  to  the  season 
of  closed  navigation,  say,  from  December  1st  to  April  15th.  Each 
winter's  operations  would  have  involved  the  construction  of  a  new 
dam. 

James  Deas,  C.  E. — I  have  read  Colonel  Poe's  remarks  with  much 
interest,  and  they  are  so  full  and  explicit  that  they  leave  me  nothing 
to  say  except  that  I  was  quite  unaware  until  now,  and  I  believe  Colonel 
Beaumont  was  also  ignorant  of  the  fact  at  the  time  he  undertook  our 
work,  that  the  mode  of  boring  adopted  by  him  at  Elderslie  Eock  had 
been  previously  in  use  anywhere  else. 
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IMPROVEMENT  OF  RIVERS.— DISCUSSION  ON 
PAPER  No.  607.* 


By  Th.  Kehbock,  C.   O.  Gleim,  Wm.  Mtjkeay  Black  and  W.  K. 

HUTTON. 


Mr.  Th.  Rehbock  (translation). — Mr.  Franzius  asked  me  to  give  a 
short  abstract  of  liis  paper.  I  only  regret  that  I  have  not  enough 
knowledge  of  English  to  speak  in  that  language.  I  will  limit  myself 
to  give  in  a  few  words  a  general  geographical  description  of  the  river, 
of  the  purpose,  means  and  results  obtained,  up  to  the  present  moment, 
by  the  executed  works. 

The  River  Weser  is  considered  abroad  as  a  large  river  with  con- 
siderable discharge,  Avhile,  in  fact,  its  lower  maritime  part  only  is  of 
any  consideration,  so  far  as  the  volume  of  water  is  concerned. 

The  River  Weser  is  formed  by  the  union  of  the  rivers  Fulda  and 
Werra  at  Miinden,  227  miles  above  Bremen.  This  part  of  the  river, 
called  the  Upper  Weser,  has  a  drainage  area  of  15  400  sq.  miles,  and 
an  average  descent  from  1  :  2  000  to  1:6  000.  The  Upper  Weser, 
although  navigable  over  its  whole  length,  is  up  to  this  date  of  no  im- 
portance for  traffic,  because  there  is  no  navigable  connection  with  the 

*  "Description  of  the  liower  Weser  and  its  Improvement."  By  L.  Franzius,  Ober-Bau- 
Director,  at  Bremen,  Germany.     Transactions,  Vol.  XXIX,  page  173. 
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other  German  water-wavs,  and  its  deptli  is  insufficient  during  dry 
seasons.  Nevertheless,  it  is  to  be  expected  that  at  no  very  distant 
future,  in  connection  with  the  execution  of  the  Rhine,  Weser  and  Elbe 
Canal,  the  Weser,  from  Bremen  to  Mlinden,  will  be  transformed  by 
canalization  into  a  first-class  inland  water-way,  which  will  connect  the 
flourishing  trade  of  Bremen  with  the  Rhine  and  the  Elbe. 

The  tidal  course  of  the  river  begins  at  Bremen,  and  bears  between 
this  town  and  Bremerhaven  the  name  of  Lower  Weser.  The  improve- 
ment of  this  part  of  the  river  is  described  in  the  paper  before  you. 
The  Lower  Weser  has  a  length  of  aboiit  40  miles.  It  receives  from  the 
Upper  Weser  a  quantity  of  water,  varying  from  2  500  to  140  000  cu.  ft. 
(70  to  4  000  cu.  m.)  per  second,  while  the  lowest  jiart  near  Bremer- 
haven is  subjected  to  a  mean  tidal  rise  of  10  ft.  4  in.  (3.30  m.),  corre- 
sponding to  a  volume  of  water  of  230  000  cu.  ft.  (6  400  cu.  m.)  per  second. 

In  former  centuries  sea-going  vessels  of  small  draught  could  navi- 
gate the  Lower  Weser  iip  to  Bremen,  which  town  by  this  fact  became 
■one  of  the  richest  commercial  jjlaces  in  Germany.  In  the  beginning 
of  this  century,  however,  the  bed  of  the  river  was  in  such  a  bad  condi- 
tion that  no  sea-going  vessel  could  reach  Bremen,  and  their  cargoes 
had  to  be  discharged  into  lighters  at  Vegesack  or  Brake. 

While  Bremerhaven,  founded  in  1830,  with  a  sheltered  roadstead 
«.nd  large  dock-basins,  satisfied  the  requirements  of  the  transatlantic 
trade,  the  traffic  to  the  town  of  Bremen  was  hindered  so  much  by  the 
bad  state  of  navigation  on  the  Weser,  that  in  1887  the  State  of  Bremen 
decided  to  spend  30  000  000  marks  (^7  000  000)  in  carrying  out  the 
project  for  the  improvement  of  the  Lower  Weser,  jiresented  by  IVIr. 
Franzius,  in  order  to  gain  a  good  access  from  the  ojaen  sea  for  the 
new  harbor  of  Bremen,  constructed  from  1885-1887,  at  a  cost  of  about 
an  equal  amount. 

The  programme  of  the  improvement  of  the  Lower  Weser  is  the 
creation  of  a  uniform  channel  of  6  m.  (nearly  20  ft.)  in  depth  in  the 
entire  upper  tide  basin  above  Bremerhaven,  and  the  maintenance  of 
the  conditions  thus  created  by  the  power  of  the  increased  and  regu- 
lated current,  with  little  other  assistance. 

The  means  to  accomplish  this  object  is  the  formation  of  a  regular 
river-bed,  gradually  narrowing  up  stream,  guided  by  training-walls, 
which  enclose  the  low-water  section,  and  the  execution  of  large 
•dredging  operations  in  order  to  attain  the  necessary  depth. 
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At  the  begiuning  of  this  year  more  than  17  miles  of  training- walls 
and  of  closing  walls  were  finished,  and  600  000  000  cu.  ft.  (17  000  000 
cu.  m.)  of  soil  had  been  dredged.  The  expenses  up  to  this  time 
amount  to  24  000  000  marks  (nearly  $6  000  000).  The  propagation 
of  the  tidal  wave  is  already  so  much  facilitated,  that  the  tidal  range 
has  been  increased  2  ft.  (60  cm.)  at  the  Great  Weser  bridge  at 
Bremen,  and  the  flow  of  the  tide  lasts  one  hour  longer  than  formerly. 

The  depth  of  Avater  in  the  channel  up  to  Bremen,  which  in  1886  was 
only  9  ft.  (2.75  m.),  is  in  this  summer  more  than  16^  ft.  (5.0  m.)  at  or- 
dinary tide,  enabling  vessels  like  the  North  German  Lloyd  steamer 
Hanover,  with  2  571  register  tons,  to  come  up  to  the  harbor  of  Bremen. 

The  part  of  the  estuary  of  the  Weser  from  Bremerhaven  to  the  open 
sea,  35  miles  long,  called  the  Outer  Weser,  has  no  well-defined  T)anks, 
and  bears  the  character  of  a  gulf,  being   from  1.2  to  12  miles  in  width. 

The  depth  of  this  part  is  at  high-water  time  sufficient  for  the  largest 
vessels,  while  at  low  water  the  navigation  is  hindered  by  a  bar,  five 
miles  from  Bremerhaven. 

In  order  to  remove  this  bar,  which  is  the  result  of  a  split  in  the 
river,  and  to  establish  a  fixed  channel,  the  governments  of  Prussia, 
Oldenburg  and  Bremen  adopted  a  project  of  Mr.  Franzius  and  ajj- 
propriated  3  000  000  marks  (ig700  000)  for  its  execution.  In  1892  a 
training-wall  about  4  miles  in  length  was  built,  reducing  the  width 
of  the  river  more  than  half  a  mile,  with  the  result  of  increasing  the 
depth  of  the  river  more  than  8  ft.  (2.50  m.). 

The  project,  the  execution  and  the  results  attained  in  the  improve- 
ment of  the  Lower  Weser  will  be  jjublished,  with  all  technical  details, 
in  the  course  of  the  next  year. 

C.  O.  Gleim,  Cor.  M.  Am.  Soc.  C.  E.  (translating  some  remarks 
made  in  German  by  Mr.  Behbock). — Mr.  Rehbock  wishes  to  ask  a  ques- 
tion ;  that  is,  whether -any  ajjparatus  for  stirring  the  soil,  in  order  to 
deepen  the  channel,  has  been  employed  in  the  United  States  ?  That  is 
occupying  their  attention  in  Bremen  at  present,  and  he  would  like  to 
get  some  information.  Mr.  Rehbock  has  just  given  the  information  in 
regard  to  the  requirements  on  the  lower  part  of  the  Weser.  They  have 
now  a  call  for  competitive  plans — an  international  competition — for 
plans  proposing  an  apparatus  to  stir  the  soil,  so  that,  with  the  strong 
current  they  have  with  the  tide,  the  sand  would  be  washed  out  without 
dredging.  He  says  no  such  apjjaratus  has  been  used  on  the  Continent, 
except  at  Dunkirk,  which  has  not  been  successful. 
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William  M.  Black,  M.  Am.  Soc.  C.  E. — The  only  case  I  kno-w  of 
that  kind  has  been  the  stirring  up  of  the  bottom  by  strong  jets  of 
water;  this  has  been  done  with  more  or  less  success.  In  the  case  of 
the  stirring  up  by  dynamite,  it  was  found  that  the  material  was  started 
up  very  successfully,  but  the  sand  was  dejDOsited  very  soon  and  very 
close  to  the  point  from  which  it  had  been  started. 

Mr.  Rehbock  (translated  by  Mr.  Gleim). — The  cases  referred  to  by 
Captain  Black  are  rivers  where  it  is  really  an  estuary  near  the  sea.  In 
the  case  referred  to,  on  the  Weser,  they  have  a  great  deal  of  silt,  and  it 
is  the  silt  that  they  wish  to  have  stirred  up  and  carried  out,  and  not 
the  sand.  The  bar  is  eflfected  by  the  training  wall  that  they  have 
erected  on  the  other  side. 

Captain  Black. — There  was  a  method  of  deeijening  bars  in  use  on 
some  of  our  western  rivers  some  years  ago  by  scraping.  What  was 
known  as  "the  Long  scraper  "  was  made  by  fastening  a  semi-cylinder 
of  heavy  metal  at  the  end  of  a  handle,  forming  a  tool  in  appearance 
much  like  the  dipper  of  a  dipper-dredge.  This  was  attached  to  the 
stern  of  a  scow  and  drawn  across  the  bar.  It  was  used  successfully  for 
a  good  many  years,  but  the  improvement  made  by  it  was  found  not  to 
be  permanent. 

Another  method  used  on  the  lower  Mississippi  now,  just  after  the 
flood  has  passed  and  before  the  low-water  channel  has  been  formed, 
to  cut  through  a  temporary  bar,  is  to  drive  piles  directly  along  the 
middle  line  of  the  proposed  channel,  in  a  row,  about  10  ft.  apart.  It 
is  found  that  these  induce  sufficient  scour  to  open  the  channel. 

Another  method  has  been  tried  on  the  ocean  bars  iu  the  South. 
Charges  of  dynamite  are  sunk  a  few  feet  below  the  bottom,  over  the 
bar.  These  are  exploded,  and  the  sand  thrown  up  by  them  is  carried 
away,  to  a  greater  or  less  extent,  by  the  tidal  currents.  The  difficulty 
with  all  of  these  devices  arises  from  the  fact  that  the  sand  and  heavy 
sediment  are  deposited  within  a  short  distance  of  the  point  from  which 
they  started. 

On  the  Willamette  River,  bars  have  been  cut  through  by  propeller 
dredging.  This  is  done  by  mooring  a  deep-draught  steamer  above  the 
bar,  with  stern  down  stream.  When  the  propellers  are  started  ahead 
very  rapidly,  a  channel  is  cut  through  very  quickly  by  the  strong  cur- 
rents produced.  The  same  method  of  dredging  I  have  seen  used  suc- 
cessfully in  sand,  where  it  was  desired  to  obtain  a  deepening  that  was 

*  Capt.,  Corps  of  Engs.,  U.  S.  A. 
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odIt  local.  In  all  these  cases,  however,  the  sand  is  deposited  a  short 
distance  from  the  place  whence  it  started.  I  have  seen  that  in 
hydraulic  suction  dredges.  In  using  a  dredge  of  this  description  in 
shoal  water  I  have  seen  the  sand  dejjosited  10  ft.  from  the  extremity  of 
the  outflow  i)ipe.  The  deposit  was  made  so  locally  and  rapidly  that  it 
threw  up  a  bank  along  the  edge  of  the  cut,  showing  how  quickly  the 
sand,  raised  up  and  moved  in  this  manner,  is  deposited. 

W.  R.  HuTTON,  M.  Am.  Soc.  C.  E.— This  paper  is  not  a  criticism  of 
the  work  done  upon  the  Weser.  That  is  a  sixccessful  work  and  there- 
fore beyond  criticism.  It  had  for  its  object  to  make  a  navigable  chan- 
nel of  a  given  width  and  depth  from  Bremen  to  the  sea.  The  methods 
adopted  procured  a  suflBcient  measure  of  success  and,  doubtless,  at 
the  smallest  cost.  This  is  true  engineering  ;  the  proper  and  judicious 
application  of  the  means  to  obtain  a  given  result. 

But  to  the  writer  it  seems  that  some  of  the  methods  employed, 
judicious  under  the  circumstances,  have  not  the  special  merit  attrib- 
uted to  them,  and  may  lead  the  young  engineer  into  trouble  if  uniu. 
telligently  followed. 

The  method  of  improving  tidal  rivers  was  first  analyzed  and  de- 
scribed by  Mr.  Caland,  in  preparation  for  the  design  of  the  Rotterdam 
water-way.  He  treats  the  entire  river  channel  as  an  elongated  estuary, 
arranged  to  cause  the  flood  tide  to  ascend  as  far  as  possible  from  the 
sea  and  with  the  greatest  possible  range  of  tide,  thus  introducing  the 
largest  quantity  of  tidal  water  into  the  river-bed.  For  this  purpose 
there  is  required  a  depth  nearly  uniform,  and  a  width  diminishing 
regularly  from  the  mouth  to  the  head  of  tide,  in  proportion  to  the 
diminished  quantity  of  water  passing  through  each  succeeding 
section. 

The  paper  under  discussion  appears  to  be  a  revision  after  another 
year's  experience  of  one  presented  last  year  to  the  Paris  Congress  of 
Inland  Navigation.  The  discussion  upon  that  paper  was  confined 
almost  entirely  to  the  question  whether  the  regulated  channel  should 
be  formed  and  maintained  by  dredging  or  by  scour,  the  Rotterdam 
water-way  being  cited  in  favor  of  the  exclusive  use  of  dredging  as 
against  the  practice  on  the  Weser,  where  a  large  quantity  of  material 
was  moved  by  scour.  The  cases  are  not  comparable.  The  most  appro- 
priate method  was  adopted  at  each  place. 

In  the  paper  of  last  year  it  is  recommended  that  all  the  secondary 
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channels  or  large  arms  of  the  river  which  are  to  be  closed  should  be 
left  oi^en  at  their  lower  ends,  that  they  may  be  filled  by  the  flood  tide, 
and  thus  contribute  to  augment  the  volume  of  water  circulating 
through,  the  estuary,  both  at  flood  and  ebb.  This  recommendation  is 
not  repeated  in  the  paper  of  the  jjresent  year,  but  is  referred  to  here 
because  it  seems  to  have  been  approved  by  high  authority  in  the  Paris 
Congress,  although  not  in  conformity  with  the  accepted  Caland  theory. 
That  theory  excludes  all  irregularities  of  width,  everything  which  may 
diminish  the  volume  of  the  ascending  tide. 

The  cross-section  of  the  New  Weser  consists  of  two  parts,  a  deep 
central  portion  or  low-water  channel,  in  designing  which  Mr.  Franzius 
has  followed  what  we  may  call  the  Caland  method,  and  shallow  lateral 
parts,  the  bottoms  of  which  are  about  at  the  level  of  low  tide.  The 
flood  tide-wave  passes  up  the  deep  central  channel  Avith  a  velocity  pro- 
portioned to  its  depth.*  The  lateral  beds  being  very  shallow,  their 
velocity  will  be  insignificant,  and  during  flood  tide  they  will  be  "  filled 
from  the  middle  section  and  will  empty  themselves  back  into  it  during 
ebb  tide,  thus  operating  like  elongated  flushing  basins  "  or  lateral 
reservoirs. 

This  arrangement  is  exceedingly  defective  as  a  means  of  increasing 
the  tidal  power  and  range,  and  obtaining  the  highest  results  in  the 
imjjrovement  of  the  river-beds. 

The  volume  of  the  flood  wave  is  diminished  by  the  water  abstracted 
to  fill  the  lateral  beds,  its  height  and  velocity  are  reduced  and  its  vis 
viva  lessened,  to  the  injury  of  the  whole  river-bed  above.  Less  water 
ascends  to  the  head  of  the  tide  and  less  flows  out  with  the  ebb. 

This  feature,  however,  found  no  objection  in  the  committee  of  the 
Paris  Congress,  and  seems  to  have  been  in  the  mind  of  the  engineer  of 
the  Seine  when  persistently  defending  the  use  of  lateral  reservoirs  in 
the  bed  of  the  stream. 

The  effects  of  the  side  beds  would  be  similar  to  that  of  the  lateral 
reservoirs  condemned  by  the  committee,  except  that,  being  continuous, 
their  consequences  are  not  abrupt,  but  gradual,  and  therefore  not  per- 
ceptible. 

*  Green's  formula  referred  to  in  the  paper  is  t)  =  ^gi,  t  being  the  depth  of  the  center 
of  gravity  of  the  section  below  water  surface.  The  formula  used  by  the  engineers  of  the 
Seine  is  found  to  agree  fairly  well  with  observation,  v  =  y/ g  IH  -{■  k) —  U,  where  v  =  ve- 
locity of  tidal  wave,  H  =  depth  of  lo\v  water,  h  =  height  of  wave,  V=  velocity  of  ebb  cirr- 
rent. 
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The  real  merit  of  tlie  plan,  as  applied  to  the  Weser,  consists  in  the 
very  large  saving  in  cost,  combined  with  a  sufficient  improvement  of 
the  navigable  channel,  rather  than  its  efficiency  in  improving  the  navi- 
gability of  the  river. 

Mr.  Franzius  has  explained  the  method  of  determining  the  high- 
water  and  the  low-water  channels  in  other  publications,  not  now  ac- 
cessible. In  his  judgment  they  should  co-operate  to  increase  the 
volume  and  the  velocity  of  the  water  in  the  river. 

The  fact  is  not  overlooked  that  the  Clyde  and  other  rivers  of  Great 
Britain  and  elsewhere  have  been  improved  to  the  highest  degree  by 
the  use  of  low  or  half-tide  training  walls.  In  them,  as  a  general  rule, 
are  j^resent  the  conditions  which  justify  the  use  of  the  low  dyke,  viz., 
the  lateral  beds  or  reservoirs  are  so  near  the  mouth,  and  the  mouth  so 
large,  that,  1st,  the  volume  of  water  passing  into  the  river  above  the 
reservoir  is  not  diminished  by  the  filling  of  the  reservoir;  2d,  the 
emptying  of  the  reservoir  into  the  sea  does  not  obstruct  the  outflow  of 
river  water  from  above.* 

*  Amelioration  de  I'Escaut.     Yeme  Congres  International  de  Navigation  Inteneure. 
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HARBOR    IMPROVEMENT.— DISCUSSION    ON 
PAPER  No.  608.* 


By  John  Pukser  Gbiffith. 


Mr.  John  Ptxrser  GErFFiTH.f— There  are  in  the  British  Islands 
many  piers  and  breakwaters  constructed  on  the  same  principles 
as  those  described  in  this  paper  on  Leixoes  harbor,  and  I  have 
been  asked  to  give  in  a  few  words  my  experience  of  these  struct- 
ures. One  of  the  most  important  examples  with  which  I  am  ac- 
quainted is  Holyhead  breakwater.  It  is  constructed  in  deep  water  and 
in  an  exposed  situation.  The  masonry  superstructure  or  backbone  is 
founded  on  the  rubble  mound  about  low-water  level,  and  is  protected 
on  the  sea  side  by  a  great  foreshore  of  large  rubble  stones,  originally 
rising  to  high-water  level.  Twenty  years  of  exposure  to  the  storms 
of  the  Irish  Sea  has  reduced  the  rubble  foreshore  to  little  more  than  a 
pebble  beach,  flattening  down  the  foreshore  and  threatening  the  denu- 
dation of  the  rubble  masonry  foundations.     The  destructive  action  of 

*  "  A  Brief  Account  of  the  Building  of  LeixOes  Harbor."    By  Alfonso  Joaquim  Nogueira 
Soares,  Inspecting  Engineer  in  Charge.     Transactions,  Vol.  XXIX,  page  194. 
t  Ofl^ublin,  Ireland. 


DISCUSSION    ON    HARBOR   IMPROVEMENT.  491 

the  waves  is  increased  by  the  vertical  wall,  the  waves  being  increased 
in  height  and  reflected  on  to  the  foreshore.  The  rubble  is  rolled  about 
and  transferred  from  one  part  of  the  breakwater  to  another,  forming 
local  accumulations,  and  sometimes  entirely  removed  from  that  part 
of  the  work  where  it  is  most  required.  In  the  great  piers  which  en- 
close the  harbor  of  Dublin  we  have  had  some  rather  striking  experiences 
of  the  effect  of  waves  on  rubble  mounds.  Poolbeg  Lighthouse,  the 
principal  light  of  Dublin  harbor,  is  at  the  extreme  seaward  end  of  the 
Gi'eat  South  Wall,  which  extends  3^  miles  into  Dublin  Bay.  The  base 
of  the  tower  was  formerly  protected  by  a  foreshore  of  rubble.  Each 
winter's  storms  removed  some  of  this,  making  it  travel  in  the  form  of 
a  stone  wave  landwards  along  the  pier.  Season  after  season  this  stone 
was  brought  back  to  the  base  of  the  lighthouse  tower  or  replaced  by 
fresh  stone,  the  annual  cost  of  so  doing  amounting  to  about  £800. 
Some  twenty-five  years  ago,  concrete  blocks,  weighing  40  tons  each, 
were  built  in  situ  on  the  foreshore  in  the  exiDectation  that  as  the  fore- 
shore was  washed  away  the  blocks  would  settle  down  and  stop  further 
denudation.  Some  of  these  blocks  were  actually  carried  away  by  the 
sea  from  the  place  in  which  they  were  built,  and  it  was  found  necessary 
to  gird  the  exposed  side  of  the  lighthouse  with  concrete  blocks,  each 
weighing  140  tons.  These  have  succeeded  admirably,  and  for  years  all 
expenditure  in  protecting  the  base  of  the  lighthouse  has  practically 
ceased,  and  the  blocks  are  now  as  jjerfect  as  the  day  they  were  laid. 

On  the  north  side  of  the  harbor  entrance  there  is  a  breakwater  en- 
tirely composed  of  rubble  stone.  The  outer  end  of  this  pier  for 
several  thousands  of  feet  in  length  is  a  half-tide  level  wall,  over  which 
very  heavy  seas  break,  and  yet  the  mound  has  practically  remained 
stable  for  seventy  years.  These  two  examples  seem  to  point  out  that 
a  rubble  mound  surmounted  by  a  vertical  superstructure  is  in  a  condi- 
tion of  much  less  stalale  equilibrium  than  if  the  superstructure  were 
omitted  and  the  sea  allowed  to  break  over  the  pier. 
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IMPROVEMENT  OF  RIVERS.— DISCUSSION  ON 
PAPER  No.  609.* 


By  H.  Engels,  Wm.  Mubkay  Black,  W.  E.  King  and  John  Pubser 

GBrPFITH. 


Prof.  H.  Engels. — In  presenting  my  paper  to  the  Engineering  Con- 
gress, I  beg  to  add  a  few  remarks  to  prevent  a  misunderstanding  in 
regard  to  No.  1  of  the  conclusions  contained  in  the  paper.  I  do  not 
wish  to  be  understood  as  saying  that  rivers  still  undergoing  the  process 
of  erosion  are  incapable  of  regulation.  Such  rivers  I  have  declared 
adapted  to  canalization.  But  every  canalization  must  be  preceded  by 
regulation.  What  I  wished  to  emphasize  is  this,  that  in  rivers  of  that 
class  the  attainable  limits  of  navigability  cannot  be  produced  by  regu- 
lation, nor  permanent  success  gained  by  means  of  regulation.  Im- 
provements may  certainly  be  effected  by  regulation  in  a  river  yet  in 
the  state  of  erosion;  but,  the  river  itself  not  having  attained  a  perma- 
nent condition,  the  improvement  of  its  condition  effected  by  regulation 

*  "The  Limits  Attainable  in  Improving  the  Navigability  of  Rivers  by  Means  of  Regu- 
lation.' By  H  Engels,  Professor  of  Hydraulics,  Royal  Technical  High  School,  Dresden, 
Germany.     Transactions,  Vol.  XXIX,  page  202. 
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cannot  be  expected  to  be  permanent.  For  this  reason  it  is  impossible 
in  rivers  of  this  kind  to  determine  in  advance  the  limits  of  navigability 
attainable  by  regulation. 

WhjIlEam  Mukkay  Black,  M.  Am.  Soc.  C.  E.* — We  may  well  believe 
from  the  evidence  given  by  the  structures  on  land  that  statical  engi- 
neering is  rapidly  becoming  an  exact  science.  Where  an  engineer  has 
to  deal  with  the  forces  of  Nature  exerted  through  the  winds,  waves  and 
currents,  he  is  made  to  feel  that  as  yet  the  accumulated  knowledge  of 
the  world  gives  him  very  little  exact  data  to  guide  him  ;  the  formulas 
are  largely  empirical,  and  this  branch  of  engineering  science  is  still  in 
the  experimental  stage. 

As  emphasized  by  Mr.  Engels,  in  all  hydraulic  work  experience  and 
common  sense  are  most  important  factors  in  securing  successful  I'e- 
sults.  Each  particular  problem  requires  its  own  study,  and  an  engi- 
neer cannot  treat  a  river  successfully  without  such  study  any  more 
than  a  jjhysician  can  cure  an  obscure  disease  without  an  intimate 
knowledge  of  the  patient's  characteristics. 

The  causes  of  the  obstructions  in  a  river's  bed  and  the  motion  and 
fluctuations  of  the  water  in  that  bed  must  be  determined  carefully  be- 
fore it  is  possible  to  determine  the  extent  to  which  the  obstructions 
can  be  removed  and  the  width  and  depth  of  channel  which  can  be  ob- 
tained and  maintained.  It  is  easily  possible  to  destroy  good  existing 
navigable  conditions  in  the  upper  reaches  of  a  river  by  misdirected  and 
ill-considered  work  below.  The  entire  stream  and  its  capacity  for  com- 
mercial uses  should  be  considered  together. 

This  paper  is  a  timely  and  admirable  discussion  of  this  very  impor- 
tant subject. 

Mr.  Engels  notes  the  surface  elevation  of  a  stream  along  the  con- 
cave shore  of  a  bend.  An  example  of  this  was  given  to  me  a  short  time 
ago  by  General  Comstock,  President  of  the  Mississippi  River  Com- 
mission. 

In  a  bend  of  the  Mississippi  Eiver  with  a  radius  of  one  mile  at  a 
point  where  the  river  is  3  000  ft.  wide,  the  centrifugal  force  may  cause 
a  difference  of  head  of  about  2  ins.  on  the  two  sides,  higher  on  the  con- 
cave. Along  this  concave  bank  the  velocity  is  greater  and  the  centri- 
fugal force  higher  at  the  surface  than  near  the  bottom.  The  head  of  2  ins. 
before  mentioned  then  causes  a  downflow  along  the  concave  bank, 
pushing  the  lower  strata  of  water  out.  Thus,  a  current  is  started 
*  Cap  *•  ,  Corps  of  Engrs.  U.  S.  A. 
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toward  the  convex  bank,  carrying  with  it  the  eroded  materials  and 
piling  them  below  the  convex  point. 

Another  phenomenon  seen  on  the  Mississippi  River  and  perhaps 
observed  on  streams  carrying  p.  less  volume  of  sediment  is  this.  On 
the  lower  Mississippi,  which  carries  a  large  volume  of  sediment,  it  is 
well  known  that  a  rise  of  surface  is  frequently  followed  by  a  rise  of  the 
level  of  the  bottom,  so  that  the  increase  of  surface  height  by  no  means 
necessarily  indicates  an  equal  increase  of  depth.  The  thalweg  of  the 
Mississippi  River  at  low  water  is  a  channel  winding  through  the 
greatly  broader  thalweg  of  the  stream  at  its  high  stages.  The  great 
increase  of  energy  accompanying  a  rapid  rise  of  the  river  I's  first 
expended  in  straightening  the  low-water  thalweg.  Flood  water  from 
the  Ohio  or  Missouri  rivers  enters  the  Mississippi  laden  with  sediment, 
and  the  total  volume  of  sediment  of  the  river  is  at  once  increased  by 
the  sediment  eroded  in  straightening  the  low- water  thalweg.  As  the 
water  rises  the  low-water  banks  are  overflowed,  and  the  broader  valley 
is  filled.  After  the  crest  of  the  flood  wave  has  passed,  the  current 
velocity  is  decreased  and  a  portion  of  the  sediment  is  deposited. 
The  falling  water  then  becomes  more  shoal  in  the  wider  thalweg  of 
the  high  river,  and  the  minor  features  of  the  bottom  which,  during  the 
flood,  had  had  but  little  effect  on  the  surface  and  slope,  begin  to  be 
noticeable.  The  velocity  ceases  to  be  uniform  through  long  stretches. 
Erosion  of  the  bed  begins  where  the  velocity  is  greatest,  and  as  the 
channel  there  is  deepened,  this  increase  of  velocity,  accompanied  by 
erosion,  is  transmitted  up  stream  until  the  river  has  again  excavated 
its  low-water  channel.  I  think  this  may  be  considered  a  fair  statement 
of  what  takes  place  after  a  flood,  and  any  one  familiar  with  it  knows 
that  the  channels  of  the  Mississippi  River  are  almost  always  changed 
after  the  flood  and  before  the  low-water  channel  becomes  re-established. 

I  would  very  much  like  to  have  Colonel  King  give  his  experience  on 
the  Tennessee  River,  because  that  is  a  case  not  covered  by  Mr.  Engels' 
paper,  although  it  is  a  case  which  comes  under  the  principles  of  that 
paper. 

Colonel  W.  R.  King.* — As  I  left  that  work  some  seven  years  ago,  and 
have  hardly  thought  of  it  since,  my  thoughts  on  the  subject  are  a  little 
scattered,  and  will  not  be  as  clear  as  they  ought  to  be.  It  was  only 
this  morning  that  I  received  the  first  intimation  that  this  paper  would 
come  up,  or  that  I  would  be  likely  to  have  anything  to  say  about  it. 

=•  Col.,  Corps  of  Engrs.  U.  S.  A. 
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The  Tennessee  Kiver  is  an  exception,  I  might  say,  to  all  rules  that 
are  usually  laid  down  for  the  improvement  of  rivers,  and  in  getting  the 
available  depth  the  conditions  are  entirely  different  from  any  that  are 
mentioned  in  Professor  Engels'  paper.  The  Tennessee  is  not  a  shift- 
ing stream;  it  is  a  "completed"  stream,  and  the  regimen  is  almost 
constant.  In  certain  places  there  is  a  little  washing,  but  generally  the 
bed  and  banks,  of  rock  and  gravel,  are  not  disturbed  very  much  either 
by  floods  or  by  low  water.  To  find  the  greatest  depth  that  can  be 
attained  at  reasonable  expense,  we  proceed  somewhat  tentatively.  At 
the  shoal  places  the  river  has  generally  spread  out,  perhaps  one  mile 
wide,  though  its  normal  width  is  only  about  1  000  ft.,  and  we  simply 
cut  a  channel  of  suitable  width  through  the  obstructions,  at  the  same 
time  narrowing  the  channel  by  wing  dams,  or  by  closing  side  channels, 
so  as  to  keep  the  deepened  channel  filled  to  the  required  depth.  If  we 
should  cut  out  the  channel  and  make  no  contraction  in  the  river,  we 
would  have  a  channel  without  water  enough  to  fill  it,  and  would  lower 
the  pool  above  so  as  to  cause  secondary  obstructions  to  appear.  We, 
therefore,  attempt  to  contract  the  channel  in  width  as  much  as  we 
enlarge  it  in  depth,  and  this  can  generally  be  done  without  applying 
formulas  ;  we  find  in  that  way  that  we  can  improve  the  worst  obstruc- 
tions without  producing  obstructions  elsewhere. 

As  to  the  greatest  depth  that  can  be  gotten,  we  must  have  a  certain 
width,  and,  knowing  that  and  the  low- water  discharge  of  the  river  at  that 
point,  we  can  find  out  the  depth  of  channel  that  we  can  effect. 

Then  we  have  another  thing  to  look  after — the  rapid  current.  And 
to  avoid  this,  the  wing  dams  must  be  properly  located,  so  as  to  back 
the  water  up  to  the  obstruction  without  raising  it  much  on  the  crest 
of  the  reef.  If  we  undertake  to  get  too  great  an  increase  in  depth,  the 
number  of  obstructions  to  be  removed,  as  well  as  the  cost  of  overcom- 
ing each  sei^arate  obstruction,  will  increase  very  rapidly.  In  a  river 
like  the  Tennessee,  where  the  demands  of  navigation  are  limited, 
we  find  that  if  we  attempt  more  than  about  3  ft.  it  would  involve 
too  many  obstructions.  We  have  worked  in  that  way,  trying  to  im- 
prove the  worst  obstructions.  The  boats  can  take  advantage  of  the 
higher  stages  of  the  water,  and  are  not  compelled  by  the  necessities  of 
commerce  to  use  the  extreme  low  stages.  We  have  balanced  the 
matter  of  cost  and  depth  in  that  way,  finding  that  it  would  not  cost 
excessively  to  get,  say,  3  ft.,  but  that  to  get  another  foot  would  bring 
in  too  many  secondary  obstructions,  and  greatly  increase  the  costw 
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Again  where,  as  at  Muscle  Shoals,  we  were  obliged  to  resort  to  locks, 
we  built  the  locks  in  such  a  way  that  boats  of  greater  draft  than  can 
navigate  the  river  at  low  water  can  pass  them,  because  the  locks  can  be 
used  at  high  water  ;  we  found  5  ft.  on  the  miter-sill  was  an  economical 
depth,  and  would  give  ample  accommodation  to  the  commerce  of  the 
river.  As  the  entire  length  of  navigable  water  on  the  Tennessee  and 
its  tributaries  is  about  1  000  miles,  the  cost  of  radical  improvement  by 
lock  and  dams  would  be  too  great  to  be  thought  of,  considering  the 
extent  of  commerce  involved. 

Instead  of  being  of  a  temporary  nature,  this  work,  as  executed,  is 
comparatively  permanent,  from  the  fact  that  we  have  a  good  foundation 
to  build  on.  The  dams  are  sometimes  built  of  small  stones.  We  found, 
if  built  up  like  ordinary  walls,  even  if  large  stones  were  used,  they  would 
be  torn  out  by  one  flood;  but  by  laying  the  stones  lapping  on  each  other 
like  shingles,  they  would  remain. 

The  cost  of  this  kind  of  improvement  per  mile  is  but  a  small  frac- 
tion, say,  lO^*,  of  what  is  often  spent  on  smaller  streams  in  Europe. 

There  is  a  whole  class  of  streams,  like  the  Tennessee,  where  the  con- 
ditions are  entirely  diflerent  from  the  conditions  assumed  in  Mr.  Engels' 
jjaper,  and  these  remarks  are  mainly  intended  to  prevent  a  hasty  con- 
clusion that  because  the  Germans  and  French  are  unable  to  make 
certain  permanent  improvements  on  their  rivers,  we  cannot  do  it  with 
ours. 

Mr.  John  Pubseb  Griffith.* — When  I  first  looked  at  Professor 
Engels'  paper  I  must  admit  feeling  rather  like  one  of  those  described 
on  page  221  of  his  paper,  "who,  on  account  of  the  title,  have  counted 
on  an  exposition  equipped  vfith.  great  mathematical  and  speculative 
apparatus,  who  have  expected  that  the  question  propounded  would  be 
solved  in  an  abstract,  theoretical  manner."  Such,  Professor  Engels 
predicts,  "  will  be  disappointed."  I  was  disappointed,  but  very  agree- 
ably disappointed. 

I  found  that  the  paper  was  not  merely  a  discussion  of  the  problem 
from  a  theoretical  point  of  view,  but  was  full  of  the  results  of  the 
keen  observation  and  sound  judgment  of  a  practical  engineer.  I  have 
read  the  paper  with  great  profit,  and  specially  note  the  important  dis- 
tinction drawn  between  the  "  finished  "  and  "  unfinished  "  reaches  of 
rivers  and  their  importance  where  regulation  works  have  to  be  con- 
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structed.  The  paper  is  full  of  matter  worthy  of  close  study,  and  in 
one  particular  seems  to  be  unique,  for  I  cannot  recall  having  met  with 
the  influence  of  ground  or  spring  water  so  fully  discussed  elsewhere. 

Another  point  of  great  interest  has  been  raised,  namely,  the  use  of 
models  in  solving  certain  problems  connected  with  the  flow  of  rivers 
and  the  transport  of  sand  and  silt.  My  friend  the  late  Professor  James 
Thomson,  of  Glasgow  University,  was,  I  believe,  the  first  to  investigate 
the  problems  connected  with  the  flow  of  water  round  river  bends  by 
means  of  models.  He  also  proved  the  existence  of  vertical  upward 
and  downward  currents  in  rivers  produced  by  the  retarding  influence 
of  the  bed  of  the  stream,  and  showed  that  these  currents  accounted 
for  the  surface  velocity  not  being  the  maximum  velocity. 

I  simply  refer  to  these  experiments  of  Professor  Thomson  that  Mr. 
Engels  may  be  encouraged  in  his  researches  by  the  aid  of  models. 
Those  interested  in  the  subject  will  find  Professor  Thompson's  ex- 
periments fully  described  by  himself  in  the  reports  of  the  British 
Association. 

Prof.  H.  Engels. — In  reply  to  Colonel  King,  I  have  to  say  that  my 
remarks — as  I  ought  to  have  mentioned — refer  to  rivers  with  unstable 
beds.  In  the  case  of  a  river  with  a  rocky,  stable  bed,  and  to  this  class, 
according  to  Colonel  King,  the  Tennessee  seems  to  belong,  a  depth  can 
certainly  be  obtained  depending  only  on  the  following  elements:  1, 
available  funds;  2,  quantity  of  water  at  low  stages;  3,  admissible  mini- 
mum width  of  channel;  4,  admissible  maximum  rapidity  of  current;  the 
last  two  conditions  being  governed  by  considerations  of  navigation. 

As  to  the  case  of  the  Muscle  Shoals,  it  does  not  seem  to  form  part 
of  the  subject  under  discussion,  being  a  case  of  canalization  and  not 
regulation. 

Neither  is  the  conclusion  at  which  Colonel  King  arrives  founded 
on  the  contents  of  my  paper.  Nowhere  did  I  say  that  the  Germans 
and  French  were  unable  to  put  their  rivers  in  a  good  permanent  con- 
dition by  means  of  regulation.  I  only  explained  that  this  was  impos- 
sible in  the  case  of  "  unfinished  "  rivers;  and  this  is  equally  impossible 
with  American  streams  in  case  the  latter  are  unfinished. 
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IMPROVEMENT    OF    HARBORS.— DISCUSSION    ON 
PAPER  No.  610.* 


By  John  Pukser  Grtpfith,  Wtt.t.tam  Mtjeray  Black,  Welijam  P. 
CBAiGHTLii  and  Thomas  W.  Stmons. 


Mr.  John  Pxjeser  Griffith,  f — I  wish  to  express  tlie  pleasure  with 
which  I  have  listened  to  Captain  Black's  paper.  It  opens  up  a  subject 
of  such  importance  to  all  nations  that  I  think  it  finds  a  fitting  place 
in  this  International  Congress  of  Engineers,  although,  of  course,  our 
discussion  must  necessarily  be  of  a  very  limited  character.  I  think 
we  shall  all  agree  that  in  many  respects  the  instances  quoted  by 
Captain  Black  of  the  improvement  of  harbors  on  the  South  Atlantic 
coast  of  the  United  States  differ  in  many  important  features  from  the 
best-known  cases  of  harbor  improvement  on  our  British  coasts.  The 
absence  of  tidal  and  littoral  currents  is  in  itself  a  distinctive  feature 
of  the  harbors  to  which  Captain  Black  refers.  In  many  of  our  British 
ports  these  form  such  an  imi^ortant  factor  that  they  cannot  be  disre- 
garded.    In  the  case  of  the  port  of  Dublin,  with  which  I  have  been 

*  "The  Improvement  of  Harbors  on  the  South  Atlantic  Coast  of  the  United  States." 
By  William  Murray  Black,  Captain,  Corps  of  Engineers,  O.  8.  A  ,  M.  Am.  Soc.  0.  E.  Transac- 
tions, Vol.  XXIX,  page  223. 

t  Of  Dublin,  Ireland. 


DISCUSSION"    ON    IMPROVEMENT   OF   HARBORS.  499 

associated  for  the  last  twenty  years,  the  keynote  of  the  success  which 
has  attended  the  efforts  made  to  improve  the  bar  has  been  due  to  a  full 
appreciation  of  these  littoral  and  tidal  currents  by  the  engineers  who 
designed  the  works  which  led  to  the  great  increase  in  the  depth  of 
water  on  Dublin  bar. 

Dublin  bar  has  been  improved  by  artificial  scour  resulting  from  the 
construction  of  a  tidal  reservoir  of  2  500  acres,  enclosed  by  two  great 
piers  extending  out  over  the  strands  of  Dublin  Bay.  These  piers  have 
been  so  formed  as  to  make  the  outward  scouring  current  flow  in  unison 
with,  and  not  in  opposition  to,  the  littoral  currents  in  the  bay.  Before 
beginning  the  works  which  have  proved  so  successful,  both  time  and 
money  were  spent  in  fully  investigating  the  problem.  I  have  fully 
described  these  works  in  a  paper  read  before  the  Institution  of  Civil 
Engineers  in  1879,  which  is  published  in  their  Proceedings,  and  it  is 
therefore  unnecessary  for  me  to  enter  now  into  greater  details  than  to 
say  that  they  have  resulted  in  increased  depth  on  the  bar  of  9  ft. 
6  ins. 

I  most  cordially  agree  with  Captain-  Black  in  a  point  to  which  he 
refers  more  than  once,  namely,  the  injurious  effect  of  "meager  and 
intermittent  supply  of  money  for  carrying  works  into  execution."  In 
marine  works  this  seems  to  be  specially  the  case.  The  sea  seems  almost 
to  take  a  delight  in  thwarting  a  timorous  or  vacillating  policy.  I  could 
name  numerous  works  which  have  suffered  from  this.  The  lay  mind 
of  the  Parliamentary  representative,  who  has  to  vote  the  funds  for 
such  works,  readily  falls  in  with  the  argument  that  it  is  better  to  make 
a  comparatively  small  annual  grant  instead  of  voting  the  full  estimated 
cost,  on  the  ground  that  they  will  see  how  the  work  succeeds  before 
voting  away  large  sums  of  money,  the  result  often  being  that  extrane- 
ous influences  are  brought  to  bear,  votes  are  cut  down,  works  are 
delayed  and  much  of  their  utility  lost  by  encroachment  and  damage  to 
the  unfinished  work.  In  the  case  of  piers  run  out  on  sandy  shores, 
slow  progress  is  often  followed  by  rapid  advancement  of  the  low- 
water  line. 

The  manner  in  which  the  works  for  the  improvement  of  Dublin  bar 
were  carried  out  forms  a  striking  exception  to  this  hesitating  policy. 
The  Dublin  Harbor  Board,  then  known  as  the  Ballast  Board,  acted 
very  wisely  in  first  obtaining  the  best  professional  advice,  and  thor- 
oughly investigating  the  problem,  and  then  obtaining  the  necessary 
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funds  before  proceeding  -witli  the  work.  By  this  means  the  "works 
were  allowed  to  proceed  rapidly,  and  I  believe  this  proved  to  be  no 
small  factor  in  their  success.  In  fact,  I  believe  the  only  way  to  deal 
with  these  problems  is,  to  investigate  the  case  thoroughly,  to  make  up 
your  mind  thoroughly,  and  to  proceed  with  the  work  rapidly.  It  is 
better  to  proceed  thus  than  to  endeavor  to  find  the  best  possible  design 
by  a  series  of  tentative  stages. 

The  introduction  of  sand-pump  dredgers  in  England  seems  to 
promise  great  assistance  in  dealing  with  ports  on  sandy  coasts.  A  very 
interesting  experiment  is  at  present  being  carried  out  on  the  Liverpool 
bar,  where  they  have  just  got  a  sand-pump  dredger  designed  to  raise 
3  000  tons  per  hour.  As  the  result  of  two  years'  dredging  with  their 
smaller  sand-pump  dredgers  I  was  able  to  cross  the  bar  in  the  R.  M.  S. 
Britannic  a  few  weeks  since  at  one  hour  after  low  water,  which  was 
unique  in  the  experience  of  the  White  Star  Line.  "We  are  therefore 
watching  the  result  of  this  great  dredging  experiment  with  much 
interest. 

WHiiiiAM  MuEBAY  BiiACK,  M.  Am.  Soc.  C.  E. — The  method  of  con- 
ducting the  improvement  of  rivers  has  been  alluded  to,  and,  I  think, 
in  justice  to  the  branch  of  the  service  to  which  I  belong  and  by  which 
the  greater  part  of  the  work  has  been  done,  it  may  be  well  to  explain 
how  it  comes  that  the  work  of  river  improvement  is  so  unsystematic 
as  it  is.  The  award  of  appropriations  for  the  improvement  of  rivers 
and  harbors  lies  in  the  hands  of  Congress.  A  number  of  years  ago  it 
was  enacted  that  no  improvements  should  be  started  until  the  neces- 
sity for  them  had  been  certified  to  by  the  Secretary  of  War. 

The  routine  method  is  this :  In  the  Kiver  and  Harbor  bill  is  in- 
serted provisions  like  the  following,  taken  from  the  act  approved 
July  13th,  1892.  *  *  *  "The  Secretary  of  War  is  hereby  directed 
to  cause  preliminary  examinations  to  be  made  at  the  following  locali- 
ties, to  wit:"  *  *  *  (Here  follows  a  list  of  the  points  to  be  ex- 
amined.) *  *  *  "That  the  preliminary  examinations  ordered  in 
this  Act  shall  be  made  by  the  local  engineer  in  charge  of  the  district, 
or  an  engineer  detailed  for  this  purpose;  and  such  local  or  detailed 
engineer  and  the  division  engineer  of  the  locality  shall  report  to 
the  Chief  of  Engineers,  first,  whether,  in  their  opinion  the  harbor 
or  river  under  examination  is  worthy  of  improvement  by  the  General 
Government,  and  shall  state  in  such  report  fully  and  particularly  the 
facts  and  reasons  on  which  they  base  such  opinion,  including  the  present 
and  prospective  demands  of  commerce;  and,  second,  if  worthy  of  im- 
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provement  by  the  General  Government,  what  it  will  cost  to  survey  the 
same  with  the  view  to  submitting  plan  and  estimate  for  its  improve- 
ment; and  the  Chief  of  Engineers  shall  submit  to  the  Secretary  of 
War  the  reports  of  the  local  and  division  engineers,  with  his  views 
thereon  and  his  opinion  of  the  public  necessity  or  convenience  to  be 
subserved  by  the  proposed  improvement  ;  and  all  such  reports  of  pre 
liminary  examinations,  with  such  recommendations  as  he  may  see 
jjroper  to  make,  shall  be  transmitted  by  the  Secretary  of  War  to  the 
House  of  Representatives,  and  are  hereby  ordered  to  be  printed  when 
so  made. "  Then  follows  the  appropriation  of  a  lump  sum  to  cover 
the  cost  of  the  work  so  directed. 

The  money  so  appropriated  is  allotted  to  the  various  works,  and  the 
examinations  are  made  and  the  re^^orts  submitted  as  required.  The 
examinations  and  surveys  are  made  as  carefully  and  fully  as  the  allot- 
ments will  jjermit.  The  funds  available  are  not  always  as  great  as  the 
local  engineers  require  for  the  best  results.  But  insufficient  appro- 
priations seem  unavoidable  when  the  extent  of  our  country  and  the 
great  number  of  local  demands  for  improvement  are  considered.  In- 
deed it  seems  that  we  are  not  yet  sufficiently  wise  to  appreciate  the 
absolute  interdependence  of  the  various  portions  of  our  country  and  to 
see  that  the  prosperity  of  all  is  dependent  on  the  prosperity  of  each. 
Ej,ch  community,  while  seeing  and  urging  the  claims  of  its  own  locality, 
f  jrgets  or  neglects  the  needs  of  others,  and  becomes  indignant  at  the 
inadequate  provision  for  its  local  improvements,  while  holding  up  its 
hands  in  horror  and  calling  names  on  account  of  the  large  sums  ap- 
propriated  for  such  work  in  general.  The  pressiire  of  public  opinion 
compels  Congress  to  provide  for  works  of  improvement  at  many  points, 
while  the  same  j^ressure  prevents  Congress  from  making  the  adequate 
appropriations  which,  as  is  fully  known,  the  interests  of  commerce 
and  of  true  economy  both  demand. 

In  preparing  his  project  the  local  engineer  considers  to  the  best 
of  his  ability  all  of  the  factors  involved.  Important  projects  are  then 
generally  submitted  to  a  board  of  engineers  for  further  consideration, 
and  finally  they  are  considered  by  the  committees  of  the  two  Houses 
of  Congress.  It  is  a  grave  mistake  to  assume  that  this  final  considera- 
tion by  Congress  is  simply  a  log-rolling  affair.  The  writer  has  ap- 
peared at  times  before  the  committee  of  each  House,  and  has  found 
the  members,  not  only  interested  in  the  engineering  points  on  which  he 
was  interrogated,  but  posted  to  an  unlooked-for  degree  on  the  local 
peculiarities  of  the  works  of  his  district. 
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An  instance  of  the  injustice  of  the  pojiular  clamor  about  log-rolling 
in  connection  with  the  Eiver  and  Harbor  bills  is  given  in  the  history 
of  the  Act  of  August  2d,  1882.  This  act  was  vetoed  by  President 
Arthur,  after  many  accusations  of  log  rolling  and  extravagance  had 
been  made  by  a  portion  of  the  public  jiress.  It  was  passed  over  the 
President's  veto.  At  the  following  session,  the  House  of  Representa- 
tives called  on  the  Secretary  of  War  by  resolution  for  a  list  of  the  aj)- 
propriations  made  in  the  Bill  for  Improvements  which  he  considered 
unworthy,  with  his  opinions.  When  this  list  was  given  to  the  Hoixse 
it  was  found  that  the  total  amount  of  the  appropriations  objected  to 
was  only  5^%'  of  the  total  amount  appropriated  in  the  bill  and  a  sub- 
sequent investigation  showed  that  the  objections  urged  ^vith  regard  to 
many  of  the  objected-to  items  were  based  on  a  misconception  of  the 
facts. 

Should  Congress  consider  the  work  proper  and  the  project  judici- 
ous, it  then  starts  the  improvement  by  an  appropriation.  Here,  again, 
the  vast  number  of  demands  hampers  it,  and  the  appropriation  neces- 
sarily is  insufficient.  In  the  case  of  a  few  of  the  more  important 
works  Congress  has  made  provision  for  continuous  work  by  special 
appropriations;  but  this,  in  the  present  state  of  public  oijinion,  is 
manifestly  impossible  for  the  great  number  of  works  now  being  carried 
on,  nor  is  it  possible,  for  the  same  reason,  to  abandon  any  of  the 
partly  completed  works. 

The  results  of  insufficient  appropriations  are  twofold.  The  works 
cannot  be  carried  on  in  an  economical  manner,  nor  can  the  work  be 
done  systematically.  The  same  local  demand  which  calls  for  the 
widely  distributed  appropriations  calls  for  the  immediate  expenditure 
of  the  sum  available,  if  only  for  the  removal  temporarily  of  the  most 
annoying  obstructions  to  navigation.  Congress  and  the  engineers 
are  alike  servants  of  the  people  and  must  do  their  will.  That  the 
l^rojects  are  as  well  considered  as  human  failings  will  permit,  and 
that  the  engineers,  executive  and  advisory,  are  free  from  local  pre- 
judice and  are  earnest  in  the  discharge  of  their  duties,  will,  I  think, 
be  admitted.  The  shortcomings  of  the  system  can  usually  be  traced 
to  the  demands  of  the  people,  who  pay  for  their  work,  and  the  remedy 
lies  in  that  broader  education  which  will  admit  the  judgment  of  a 
wider  knowledge  and  which  will  hold  local  interests  subservient  to  the 
needs  of  the  whole  nation. 
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W.  p.  CRAIGHII.L,  M.  Am.  Soc.  of  C.  E.*— The  thoughtful  reader  of 
Captain  Black's  very  valuable  paper  will  find  profit  as  well  as  interest 
in  examining  very  carefully  an  article  on  sea  beaches  by  Professor  H. 
S.  Shaler,  of  Harvard  College,  in  which  he  treats  that  subject  in  detail 
and  in  a  most  instructive  manner. 

Captain  Black  is,  I  think,  quite  right  in  his  supposition  that  the 
mouth  of  the  Cajse  Fear  River  was  at  some  time  near  Federal  Point. 
It  is  even  probable  that  the  mouth  in  the  more  distant  past  was  still 
nearer  Wilmington,  The  existence  and  character  of  a  peculiar  obstruc- 
tion called  "the  logs,"  formerly  found  a  few  miles  below  Wilmington, 
seem  to  prove  it.  This  obstruction  was  called  "the  logs"  because 
supposed  to  consist  of  sunken  logs  on  the  bottom  which  had  floated 
down  from  above  and  been  lodged  there.  When  this  impediment  to 
navigation  was  attacked  in  the  progress  of  the  improvement  of  this 
river  under  my  direction,  no  logs  were  found  at  all.  It  consisted  of 
the  stumps  of  a  cypress  forest  which  had  evidently  stood  long  years 
before.  These  stumps  were  found  in  situ  in  what  was  the  main  channel 
of  the  river  at  the  time  of  their  removal.  Their  tops  were,  many  of 
them,  nearly  as  smooth  as  if  they  had  been  sawn  across,  and  all  at 
about  the  same  level  of  9  ft.  below  mean  low  water.  The  machine  used 
in  the  first  removal  of  the  stumps  was  a  clam-shell  dredge  from  which 
the  bucket  was  removed  and  replaced  by  a  grapnel.  Generally  the 
power  of  the  engine  was  suflScient  to  pull  the  stumps,  with  attached 
roots,  etc.  In  some  cases  it  was  necessary  to  depend  on  the  slow  but 
irresistible  lifting  action  of  the  rising  tide.  The  stumps  were  sound, 
and  this  condition  might  have  come  from  their  immersion  in  the  mud 
which  was  even  with  their  tops.  But  the  trees  had  disappeared.  How 
and  why  had  they  been  cut  off  ?  It  was  supposed  the  land  had  at  some 
time  subsided  so  as  to  permit  the  income  of  the  teredo  which  had 
eaten  off  the  trees  and  then  destroyed  them  completely  after  their  fall 
into  the  water.  But  this  theory  required  a  rising  again  of  this  same 
portion  of  the  soil,  as  the  water  there  does  not  now  contain  the  teredo 
or  any  insect  destructive  to  timber. 

The  place  called  the  "  Haulover,"  where  the  New  Inlet  was  opened 
in  1761,  took  its  name  from  the  habit  of  boatmen  who  hauled  their 
craft  over  the  lowest  part  of  the  low  sand  beach  which  separated  the 
ocean  from  the  river.  The  beach  was  gradually  worn  down  at  this 
point,  and  was  in  a  condition  to  be  more  readily  broken  through  when 
the  gale  came  in  1761  to  open  the  inlet. 

*  Col.,  Corps  of  Engs.,  U.  S.  A. 
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Since  the  closure  of  New  Inlet,  while  the  accumulation  of  sand 
on  the  actual  line  of  the  closure  has  been  very  small,  the  beach  has 
grown  and  extended  very  much  to  the  southwest  from  a  jDoint  nearly 
opposite  Fort  Fisher,  so  as  to  form  a  large  bay  between  it  and  the 
closure-dam.  This  bay  will  probably  fill  in  time  with  sand  which  is 
thrown  up  on  the  spit  by  the  waves,  and  then  dried  and  blown  by  the 
wind  into  the  bay. 

The  day  will  probably  come  when  people  seeing  a  wide  expanse  of 
sand  between  the  ocean  and  the  present  dam  will  wonder  why  such  a 
dam  was  built,  as  the  need  for  it  at  any  time  will  then  not  be  apparent. 
And  it  is  not  unlikely  the  material  from  it  may  some  day  be  safely  re- 
moved and  used  at  other  jjoints,  as,  for  instance,  in  constructing  one 
or  more  jetties  at  the  mouth  of  the  river,  should  it  ever  become  neces- 
sary to  greatly  increase  the  depth  now  available  there. 

The  space  where  General  Butler's  powder-boat  was  exploded  off 
Fort  Fisher,  and  where  the  fleet  lay  during  its  attack  and  capture  on  a 
subsequent  occasion,  is  now  filled  with  sand  and  is  either  dry  at  low 
water  or  nearly  so.  Zeke's  Island  has  also  grown  very  much  since  the 
building  of  the  closure-dam. 

The  shape  of  the  closure-dam  from  Federal  Point  to  Zeke's  Island 
has  been  criticized  and  inquiry  made  why  it  was  not  in  a  straight 
rather  than  a  broken  line.  The  reason  for  the  peculiar  shaj)e  is  the 
following  :  When  the  dam  was  planned  there  was  a  long  shoal  extend- 
ing in  a  southwest  direction  from  Federal  Point,  and  one  then  ex- 
tending in  a  northwest  direction  from  the  upper  end  of  Zeke's  Island. 
The  sections  of  the  dam  from  Federal  Point  and  Zeke's  Island  were 
placed  on  these  shoals,  because  they  were  there  and  because  the  sec- 
tion next  Federal  Point  would  act  as  a  deflector  to  the  ebb  current  as 
it  came  down  the  river,  throwing  some  of  it  at  least  into  the  main  river 
and  away  from  the  inlet.  The  section  of  the  dam  next  Zeke's  Island 
was  placed  so  as  to  have  a  similar  action  on  the  flood  current. 

Much  scour  took  place  because  of  insufiicient  funds  to  push  the 
work  as  rapidly  as  it  should  have  been.  This  was  particularly  the  case 
when  the  work  was  about  the  height  of  low  water  and  between  that 
level  and  that  of  high  water.  The  distance  from  the  dam  to  the  ocean 
by  the  way  of  New  Inlet  being  much  shorter  than  by  the  proper  mouth 
of  the  river,  the  tide  changed  its  level  on  the  ocean  side  of  the  dam 
much  more  rapidly  than  on  the  river  side.     This   produced  a  very 
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strong  tidal  current  at  the  dam,  which  increased  in  velocity  as  the 
opening  was  lessened.  After  the  dam  had  reached  the  level  of  low 
water,  there  was  quite  an  overfall  at  times,  which  also  produced  scour. 

From  necessity,  much  of  the  dam  was  built  of  small  rock  procured 
from  the  Cape  Fear,  the  cost  of  large  rock  from  the  north  or  the  inte- 
rior prohibiting  its  use  to  any  great  extent.  The  unfinished  dam  of 
these  small  rocks  was  more  than  once  much  degraded  by  easterly  galer; 
which  brought  in  the  waves  from  the  ocean  with  great  violence. 

The  dam  was  finally  coped  with  large  flat  rock.  Some  of  these 
coping-stones  are  still  occasionally  displaced  by  severe  storms. 

The  use  of  the  "log-mattress"  was  du^e  to  economical  considera- 
tions. This  mattress  was  constructed  in  a  very  simple  way  of  the  ma- 
terials at  hand.  The  pine  trees  on  the  creeks  emptying  into  the  river 
near  by  were  cut  down  and  their  trunks  rolled  into  the  stream  and 
formed  into  rafts.  These  rafts  were  loaded  with  as  much  of  the  brush 
of  the  same  trees  as  they  would  carry.  They  were  then  towed  into 
position  and  sunk  by  being  loaded  with  stone  thrown  upon  them  from 
barges.  The  prolongation  of  the  dam  below  Zeke's  Island  was  founded, 
as  Captain  Black  states,  on  more  regular  mattresses,  one  of  the  con- 
tinuous mattresses  being  three-fifths  of  a  mile  long,  and  very  success- 
fully placed. 

While  the  jetty  constructed  many  years  ago  at  Baldhead  Point  with 
the  object  of  holding  that  headland  Avas  a  complete  siiccess  from  that 
point  of  view,  it  is  worthy  of  note  that  the  depth  of  the  Baldhead  Chan- 
nel began  to  increase  at  the  same  time  the  jetty  was  separated  from 
the  shore.  The  question  arises  whether  a  jetty  in  that  position  was 
not  injurious  to  the  channel.  The  spur  jetties  constructed  many  years 
ago  on  the  Fort  Caswell  side  of  the  Baldhead  entrance  were  completely 
successful  in  protecting  the  walls  of  that  fort,  which  were  once  seri- 
ously threatened  by  the  ocean. 

It  is  considered  that  the  beneficial  effect  of  the  work  of  the  pump- 
dredge  Woodbury  on  the  Baldhead  Channel  was  much  greater  than 
merely  the  removal  of  the  cubic  yards  taken  into  her  bins.  Much  more 
material  was  loosened  by  her  drags  and  carried  by  the  ebb  tide  into  the 
deep  water  beyond  the  bar.  Her  work  on  the  bar  was  mainly  in  a 
straight  channel  on  ranges,  the  object  being  to  localize  the  action  of 
the  increasing  current  as  New  Inlet  was  being  closed,  and  to  facilitate 
the  deepening  within  moderate  horizontal  limits  rather  than  have  it 
spread  out  over  the  whole  bar. 
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Much  value  should  be  given  to  the  opinion  of  Mr.  Bacon,  quoted  by 
Captain  Black,  that  he  was  "convinced"  from  his  observations  that 
"the  foundation,  placed  on  sand  or  mud,  most  secure  from  undermin- 
ing by  water,  is  of  small  rip-rap  stone, "  for  Mr.  Bacon  was  a  man  of 
most  excellent  judgment  and  a  close  observer.  But  it  is  thought  this 
statement  is  too  general.  It  is  true  that  certain  experiments,  made  by 
Mr.  Bacon  by  my  direction,  showed  that  the  mattress  could  be  safely 
disjjensed  with  in  certain  parts  of  the  dam  below  Zeke's  Island  where 
the  soil  was  of  a  special  character,  but  it  must  be  borne  in  mind  that 
the  location  of  that  part  of  the  dam  was  comparatively  sheltered  from 
the  action  of  waves  or  currents.  It  is  believed  the  mattress  founda- 
tion can  seldom  be  dispensed  with  where  the  underlying  mud  is  soft 
and  deep,  or  the  sand  is  exposed  to  erosion. 

Captain  Black  characterizes  the  work  on  the  Cape  Fear  as  "  suc- 
cessful," and  he  is  right  (for  it  is  a  success  to  procure  18  ft.  at  low 
water  in  a  great  river  where  9  ft.  had  been  the  ruling  depth),  and  it 
gives  me  great  pleasure  here  to  record  my  obligations  to  Mr.  Bacon 
who  was  my  co-worker  on  it  for  many  years.  To  him  more  than  to  any 
other  man  is  due  the  success  of  the  work.  When  he  died  of  the  grip 
a  few  years  ago,  I  lost  a  good  and  trusted  friend,  and  the  General 
Government  a  most  valuable  and  faithful  servant.  An  honest,  true 
man  went  to  his  rest  from  unremitting  labor  fruitful  in  good  results. 

Captain  Thomas  W.  Symons.  * — I  have  read  with  great  interest  Cap- 
tain Black's  account  of  what  is  going  on  in  the  way  of  harbor 
construction  on  the  South  Atlantic  Coast.  Such  a  paper  gives  to  us 
who  are  personally  unfamiliar  with  this  section  a  clear  and  succinct 
accoimt  of  what  is  going  on  there,  and  how  plans,  methods  and  ideas 
differ  from  those  developed  on  this  western  coast.  On  the  South 
Atlantic,  as  well  as  on  the  Pacific,  there  seems  to  have  been  an  elim- 
ination of  certain  methods,  processes,  and  devices,  and  a  gradual 
settling  down  to  an  adopted  style  of  work,  with  which  Captain  Black 
appears  to  be  satisfied. 

From  Captain  Black's  description,  it  is  evident  that  the  works  at  the 
mouth  of  the  Cape  Fear  River,  at  Charleston,  and  at  St.  Johns,  are  so 
widely  at  variance  with  similar  works  on  the  Pacific  Coast  as  to  be  a  mat- 
ter of  mark.  It  is  safe  to  say  that  no  officer  having  experience  with 
similar  work  on  the  Pacific  Coast  would  be  satisfied  with  the  plans  and 
methods  adopted  and  pursued  at  these  Atlantic  Coast  ports.     Starting 

*Capt.,  Corps  of  Engrs.  U.  S.  A. 
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from  the  sheet  piling  work  at  Wilmington,  Cal.,  and  the  low-tide  crib 
work  at  Yaquina,  the  officers  of  the  Corps  of  Engineers  on  the  Pacific 
Coast  have  gone  through  all  the  stages,  and  have  now  arrived  at  the 
conclusion  that  the  proper  form  of  jetty  construction  for  the  improve- 
ment of  bar  harbors  is  a  high-tide  stone  jetty  on  a  thick  brush  mat- 
tress foundation,  built  from  a  pile  tramway,  as  described  by  me  in  a 
recent  paper  on  the  jetty  harbors  of  the  Pacific  Coast.  This  is  very 
different  from  the  thin  log  or  brush  mattresses  with  low-tide  rubble 
mounds,  all  built  from  floating  plant,  as  described  by  Captain  Black. 

The  Pacific  Coast  or  tramway  system  presents  many  marked  ad- 
vantages over  the  Atlantic  Coast  system.  It  furnishes  a  solid  and 
substantial  base  on  which  mattresses  of  any  desired  thickness  and 
width  can  be  readily  made  at  the  site  they  are  to  occupy,  and  where 
they  can  be  quickly  sunk  into  place  and  held  there  by  the  piles  and 
the  stone  placed  upon  them.  All  operations  can  be  carried  on  con- 
tinuously regardless  of  the  tide,  and  almost  regardless  of  storms.  It 
is  applicable  in  the  shallowest  tide  flats,  and  in  the  deepest  water  where 
operations  are  liable  to  be  carried  on.  The  last  1  000  ft.  of  the  Coos 
Bay  jetty  tramway  was  built  in  water  26  ft.  deep  at  low  water,  with 
piles  80  ft.  long,  and  which  penetrated  30  ft.  into  the  sand.  It  is  to  be 
noted  that  at  Galveston  the  tramway  system  was  adopted  after  years 
of  trial  of  other  devices. 

The  swells  and  waves  of  .the  Pacific,  and  especially  along  the  coast 
of  Oregon  and  Washington,  would,  it  is  believed,  render  it  impossible 
to  carry  on  the  work  of  jetty  construction  as  it  is  carried  on  at  Charleston 
and  the  other  points  named  by  Captain  Black.  Out  here,  there  prob- 
ably would  be  not  to  exceed  twenty  days  in  a  year  when  the  method 
of  towing  out  and  sinking  mattresses  described  by  Captain  Black 
[Transactions,  Vol.  XXIX,  pages  266  and  267)  could  be  successfully 
carried  out,  and  these  days  would  be  bunched  in  the  summer. 

I  am  inclined  to  believe  that  the  sand  movements  on  the  Atlantic 
Coast  are  not  nearly  equal  in  magnitude  and  rapidity  to  the  sand  move- 
ments on  the  Pacific  Coast.  On  the  Atlantic  Coast,  there  seems  to  be 
a  decided  general  resultant  sand  movement  to  the  south ;  on  the  Pacific 
there  is  no  such  general  resultant  movement,  or,  if  there  is,  it  is  so 
modified  by  local  circumstances  as  to  be  indistinguishable. 

The  supporting  power  of  the  sand  appears  greater  on  the  Pacific 
Coast  than  on  the  Atlantic.     So  great  is  this  supporting  power  that 
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some  of  our  ablest  engineers  question  the  necessity  of  putting  any 
mattresses  down  for  the  support  of  the  rubble  mounds.  It  is  probable 
that  the  South  Atlantic  sands  are  finer  and  lighter  than  are  those  of 
the  Pacific,  thus  necessitating  the  very  wide  mattresses  described. 

On  the  other  hand,  the  channels  naturally  developed  through  the 
bar  sands  on  the  Atlantic  Coast  appear  to  have  a  far  greater  persistence 
than  have  similar  channels  through  the  bar  sands  of  the  Pacific. 

The  important  function  of  jetties  to  impound  the  moving  sands 
does  not  seem  to  be  recognized  on  the  Atlantic  Coast  with  the  force 
that  it  is  here.  This  is  particularly  evidenced  by  the  plan  adopted  at 
Charleston,  where,  instead  of  impounding  it  outside  of  both  jetties,  it 
is  proposed  to  keep  it  moving  to  the  south  across  the  inner  ends  of  the 
jetties,  where  the  width  between  them  is  greatest.  I  should  fear  that 
such  a  condition  would  result  in  the  formation  of  an  inner  bar  or 
shoal,  materially  limiting  the  capacity  of  the  harbor. 

The  work  at  the  Cape  Fear  River  appears  to  have  been  eminently 
successful.  I  should  judge  that  the  entrance  to  the  river  received  very 
valuable  protection  against  storms  from  the  north  and  east,  from 
Smith's  Island  and  the  Frying  Pan  Shoals,  and  that  the  mainte- 
nance of  the  good  entrance  by  dredging  would  be  comparatively  easy. 
One  of  the  lessons  learned  in  this  work  was  also  taught  by  our  Pacific 
Coast  works,  i.  e.,  that  it  is  better  to  build  up  gradually  from  the 
bottom  over  a  long  line  than  to  push  the  completed  structure  bodily 
to  the  front. 

The  work  at  Charleston  is  certainly  interesting  as  to  plan,  methods, 
and  results.  It  is  evident,  however,  that  the  work  is  far  from  com- 
pleted. The  wisdom  of  leaving  the  jetties  low  near  their  inner  ends 
may  well  be  questioned,  and  it  was  well,  in  formulating  the  plan,  to 
leave  this  height  as  well  as  the  length  of  the  jetties  problematical.  It 
looks  to  me  as  if  the  adopted  width  between  the  ends,  2  900  ft. ,  would 
require  the  entire  tidal  flow  to  pass  through  to  secure  and  maintain  the 
deep-water  channel  aimed  at.  This  will  necessitate  building  both 
jetties  up  to  full  high  tide. 

The  mattresses  of  logs  have,  as  pointed  out  by  Captain  Black,  the 
great  demerit  of  comparative  inflexibility.  Experience  on  the  Pacific 
Coast  would  indicate  that  a  better  construction  would  have  been  a 
mattress,  3,  4,  or  5  ft.  thick,  of  brush  fascines  and  pol«s,  well  tied  and 
wired  together. 
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At  St.  Johns,  a  study  of  the  comparative  charts  aud  a  knowledge 
of  the  resultant  movement  of  sands  and  channels  to  the  southward 
rather  indicates  that  it  would  have  been  wise  to  adopt  the  southern 
entrance  channel  of  1879  as  the  one  to  be  improved.  From  the  com- 
parative charts  and  profiles  and  Captain  Black's  statements  of  the 
results  accomplished,  it  is  evident  to  me  that  it  will  require  the  entire 
tidal  flow  to  pass  in  and  out  between  the  jetties,  to  develop  and  main- 
tain the  maximum  channel  over  the  bar  with  the  adopted  width 
between  ends  of  jetties. 

The  existence  of  the  two  channels  branching  near  the  ends  of  the 
jetties  is  indicative  of  the  fact  that  there  is  not  at  present  a  proper  co- 
relation  between  the  tidal  flows,  the  active  forces  and  the  width  and 
height  of  the  jetties  built  to  control  and  direct  these  forces. 

Captain  BiiACK. — There  are  a  few  statements  made  by  Captain 
Symons  which  I  think  will  bear  further  discussion.  Captain  Symons 
names  the  method  of  jetty  construction  from  tramways  "The  Pacific 
Coast  System,"  and  that  from  floating  plant  "The  Atlantic  Coast 
System,"  it  is  presumable,  simply  as  a  convenient  mode  of  distin- 
guishing them  apart.  Neither  system  was  devised  or  used  exclu- 
sively on  either  coast.  Both  systems  have  been  used  for  many  years 
abroad,  and  both  are  in  use  on  the  Atlantic  Coast.  The  tramway 
method  has  been  applied  on  the  greatest  scale  at  the  mouth  of  the 
Columbia  River,  Oregon,  and  there  its  details  have  been  most  skill- 
fully elaborated. 

The  decision  as  to  which  system  is  best  adapted  for  any  particular 
work  must  be  based  on  the  question  of  relative  economy.  The  tram- 
way system  is  certainly  best  for  stormy  sites,  and  where  the  available 
funds  are  sufficient  in  amount,  and  reasonably  continuous  in  supply. 
WTiere  the  amounts  available  are  small,  and  the  supply  intermittent, 
it  is  manifestly  advantageous  to  adopt  a  system  in  which  the  capital 
sunk  in  destructible  and  non-removable  plant  is  as  small  as  possible. 
The  improvements  described  in  the  paper  were  started  in  the  days  of 
small  and  very  irregular  appropriations,  and  that  is  doubtless  the 
reason  for  the  construction  methods  adopted.  Later,  when  large  and 
more  regular  appropriations  became  available,  the  adoption  of  the 
iramway  method  was  found  to  involve  too  great  an  outlay  to  be  ad- 
visable at  the  stage  to  which  the  works  had  been  advanced,  under  the 
conditions  of  wind  and  weather  prevailing. 
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The  wide  divergence  of  tlie  completed  jetties  in  type,  wliich  Cap- 
tain Symons  finds,  is  not  evident.  On  both  coasts,  the  jetties  are  of 
rubble,  as  large  as  can  be  handled  economically,  on  a  mattress  founda- 
tion, and  are  built  to  the  height  necessary  to  control  the  required 
volume  of  flow,  and  no  higher.  In  all  cases  the  height  is  determined 
by  the  conditions  at  the  particular  work.  Captain  Symons'  statement 
as  to  the  results  of  the  experience  of  the  engineers  of  the  Pacific  Coast 
would  seem  to  be  somewhat  sweeping.  It  is  hardly  likely  that  anyone 
would  admit  that  his  mind  is  of  so  inflexible  a  texture  that  it  must 
insist  on  one  particular  type  of  work  regardless  of  local  conditions. 

He  is  also  somewhat  contradictory  regarding  the  value  of  thick 
mattresses.  In  one  paragraph  he  states  that  the  ' '  conclusion  arrived  at 
concerning  the  proper  type  of  jetty  calls  for  a  "thick  brush  mattress 
foundation."  Elsewhere  he  states  that  "some  of  our  ablest  engi- 
neers question  the  necessity  of  putting  any  mattress  down  for  the  sup- 
I)ort  of  the  rubble  mounds."  From  this  it  appears  that,  after  all,  the 
mattress  is  regarded  rather  as  a  necessary  evil.  It  has  been  the  ex- 
perience of  the  writer,  that  where  not  covered  promptly  by  sand  or 
silt,  the  mattress  was  gradually  destroyed  by  the  teredo.  "Where  any 
great  thickness  was  used  in  a  jetty,  the  destruction  of  a  portion  of  the 
wood,  and  the  compression  of  the  remainder,  caused  a  gradual  sub- 
sidence of  the  jetty  crest,  and  necessitated  a  continued  building  up 
with  stone.  For  these  reasons  he  prefers  a  tightly  compressed  mat- 
tress as  thin  as  consistent  with  the  requisite  degree  of  strength  and 
impermeability. 

The  use  of  a  jetty  for  impounding  sand  is  also  of  doubtful  value 
where  large  volumes  of  sand  are  moving.  It  is  a  simple  impossibility 
to  stop  the  entire  sand  movement  of  the  Atlantic  Coast  for  any  pro- 
longed period.  If  the  sand  cannot  be  induced  to  move  past  the  jetties 
without  blocking  the  channel,  the  necessity  of  further  jetty  extension 
is  simply  a  question  of  time,  unless  dredging  be  resorted  to,  as  abroad. 

The  Charleston  and  St.  Johns  works  are  not  yet  completed,  and 
therefore  no  conclusions  can  be  drawn  from  them  definitely,  no  criti- 
cism on  the  height  of  jetty  is  possible,  for  no  height  has  as  yet  been 
fixed  upon.  The  latest  advices  from  both  works  show  that  the  im- 
jjrovement  of  the  jetty  channels  has  continued  since  the  paper  was 
written.  At  Charleston  there  is  now  a  straight  channel  from  the  sea  to- 
the  city  15  ft.  deep  at  low  water,  and  18  ft.    deep  at  low  water  for  all 
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but  1  000  ft.  At  the  St.  Johns  the  channel  has  also  greatly  improved. 
The  forking  of  the  channels  at  the  entrance  of  the  St.  Johns  jetties 
was  the  necessary  result  of  the  rolling  out  of  the  immense  volume  of 
sand  which  lay  between  the  jetty  sites,  the  deeper  channels  forming 
where  the  jetties  were  most  affective,  close  alongside. 
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Note.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 
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RAILWAY  TERMINAL  SYSTEMS.— DISCUSSION 
ON  PAPER  No.  G12.* 


By  C.  O.  Gleim. 

C.  O.  GiiEiM,  Cor.  M.  Am.  Soc.  C.  E. — In  revising  the  remarks 
made  by  me  orally  at  the  International  Engineering  Congress,  I  sup- 
press so  much  of  them  as  referred  to  some  misunderstandings  con- 
tained in  the  advance  copies  of  the  paper,  which  have  now  been 
corrected. 

The  new  terminal  system  for  the  sister  cities  of  Hamburg  and  Altona, 
with  the  Hamburg  part  of  which  I  have  been  officially  connected  for 
several  years,  will  form  a  very  interesting  case  of  terminal  arrangements 
for  large  cities.  The  change  at  present  contemplated,  and  partly  exe- 
cuted, is  the  consequence  of  the  absorption  by  the  Prussian  Government 
of  all  the  railways  entering  the  two  cities,  with  the  one  exception  of  the 
Lubeck  line.  The  various  lines  entering  on  the  Hamburg  side  will  be 
joined  in  a  central  station,  from  which  the  trains  will  pass  on,  over  the 
connecting  railway,  through  three  intermediate  stations,  to  the  term- 

*  "  The  Rearrangement  of  the  Railway  Terminal  System  at  Altona,  with  Special  Reference 
to  the  Avoidance  of  Grade  Crossings. "  By  R.  Caesar,  Member  of  the  Royal  Board  of  Railroad 
Directors  at  Altona,  Prussia.    Transactions,  Vol.  XXIX,  page  295. 
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inal  at  Altona,  while  the  trains  entering  on  the  Altona  side  are  to  pass 
over  the  same  connecting  railway,  using  the  same  intermediate  sta- 
tions, and  terminating  in  the  Central  Station  of  Hamburg.  The  over- 
lapping system  thus  formed  will  be  very  similar  to  that  of  the  existing 
Metropolitan  Railway  (Stadtbahn)  of  Berlin.  The  same  similarity 
will  exist  in  the  carrying  through,  in  both  cases,  of  four  independent 
railway  tracks,  of  which  two  will  be  for  city  traffic,  and  two  for  through 
passenger  traffic  and  freight.  The  connecting  railway  between  Ham- 
burg and  Altona,  which  is  now  a  double-track  line,  will  at  the  same 
time  be  raised  so  as  to  abolish  present  grade  crossings  of  streets. 

In  carrying  out  the  system  thus  outlined,  a  complication  arose  on 
the  Altona  side,  which  forms  the  subject  of  the  paper.  Local  influ- 
ences caused  the  terminal  station  of  that  city  to  be  retained  as  near  as 
possible  to  its  old  jjosition,  and  this  necessitated,  instead  of  an  ordi- 
nary through  station,  the  arrangement  of  a  "  pocket  station,"  or,  as  it 
is  termed  in  Germany,  a  "  head  station,"  where  the  trains  reverse 
their  direction,  and  go  out  at  the  same  end  from  which  they  entered. 
A  station  of  this  kind  necessitates  inconvenient  crossings  of  main  tracks 
already  when  forming  an  intermediate  station  of  a  merely  double-track 
line.  An  arrangement  like  the  following  diagram,  with  one  track 
crossing,  would  not  be  sufficient;  for  the  train  coming  in  on  the  right- 
hand  track  from  A,  and  reversing  on  the  track  B,  would  reach  the  left- 
hand  track  C,  as  shown  by  the  arrows,  and  another  crossing  would  be 
required  to  make  it  reach  the  right-hand  track  near   G.     How  much 


£ 


more  complicated  the  crossings  become  in  the  case  of  a  four-track  line, 
as  at  Altona,  is  shown  in  the  paper.  Fortunately,  it  was  possible, 
without  exceeding  grades  of  1  in  100,  to  raise  and  lower  the  tracks  so 
as  to  arrange  a  system  of  over  and  under  grade  bridges,  and  avoid 
practically  all  grade  crossings  between  main  tracks.  Although  the 
well-known  example  of  the  Cannon  Street  Station  in  London  as  an  in- 
termediate "  pocket  station "  between  London  Bridge  and  Charing 
Cross,  has  proved  that  such  a  station  can,  even  under  a  very  heavy 
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traffic,  be  worked  witli  level  crossings  of  the  tracks,  if  protected  hj  a 
well-regulated  signal  system,  there  can  be  no  doubt  that,  where  prac- 
ticable, a  solution  based  on  j^assing  the  tracks  by  bridges  over  one  an- 
other, as  at  Altona,  is  to  be  preferred.  Perhaps  it  was  a  mistake  in 
this  case  to  have  given  way  to  local  interests  so  far  as  to  accept  a  situa- 
tion precluding  the  arrangement  of  a  through  station;  but  the  "pocket 
station  "  having  once  been  accepted,  the  system,  with  the  avoidance  of 
grade  crossings,  has  been  carried  through  in  the  most  consistent  way, 
and  Plate  I  (Vol.  XXIX,  page  296)  is  well  worthy  of  a  thorough 
study.  If  drawing  is  the  universal  language  of  the  engineer,  requiring 
no  translation,  this  drawing  will  give  a  better  idea  of  the  work  treated 
in  the  paper  than  any  lengthy  description  could  do. 
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NoiB.— This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 
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LOADINGS  FOR  RAILWAY  BRIDGES.— DISCUSSION 
ON  PAPER  No.  618.* 


By  Waed  BAiiDwiN,  J.  A.  L.  WADDELii  and  C.  D.  Pubdon. 


"Waed  Baldwin,  M.  Am.  Soc.  C.  E. — The  loading  incorporated  in  a 
set  of  railway  bridge  specifications  is  usually  based  upon  the  weights 
and  wheel  spacings  of  the  heaviest  engines  and  cars  used  or  likely  to 
be  used  on  the  particular  railway.  A  sufficiently  extended  list  of  the 
loadings  now  specified  for  railway  bridges  may  therefore  be  regarded 
as  a  reflection  of  the  combined  judgment  of  railway  engineers  as  to  what 
loadings  should  be  specified  to  meet  their  needs;  and  a  study  of  such 
loadings  would  appear  to  promise  more  fruitful  results  than  a  study 
of  actual  locomotive  loads.  The  systematic  efforts  of  J.  A.  L.  "Waddell, 
M.  Am.  Soc.  C.  E. ,  to  secure  the  adoption  of  a  set  of  standard  loadings 
for  railway  bridges,  have  directed  special  attention  quite  recently  to 
this  subject,  and  the  data  in  Mr.  Purdon's  paper  are  of  interest  as  they 
bear  directly  upon  this  question;  but,  so  far  as  known  to  the  writer,  a 
classified  compilation  of  specified  loadings,  although  doubtless  often 
made,  has  not  yet  been  published.     Such  a  compilation  would  appear 

*"  Comparison  of  Modern  Engine-Loading  with  standard  Specifications  for  Spans  from 
10  to  200  Feet."    By  C.  D.  Purdon,  M.  Am.  Soc.  C.  E.    Tramactimis,  VoL  XXIX,  page  426. 
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to  be  the  necessary  preliminary  to  an  intelligent  discussion  of  standard 
loadings,  and  the  writer  therefore  ventures  to  add  to  Mr.  Purdon's 
statistics  as  complete  a  list  of  bridge  loadings  as  he  has  been  able  to 
collect.  It  is  thought  this  list  will  be  valuable  as  a  record  of  the  pres- 
ent opinions  as  to  proper  bridge  loadings,  and  will  furnish  data  for 
some  interesting  deductions.  This  list  will  also  show  that  the  com- 
plaints of  the  bridge  computers  against  needless  multiplication  of 
loadings  are  not  without  cause. 

A  concentrated  loading  enables  the  railway  engineer  to  secure  the 
proportioning  of  his  bridges  to  sustain,  as  near  as  theory  can  decide, 
the  exact  loads  that  will  come  upon  them.  It  is  this  fact  that  has  led 
to  the  general  use  of  concentrated  loadings  by  railway  engineers, 
rather  than  any  desire  on  their  part  to  be  ultra  theoretical.  To  this 
fact  also  must  be  ascribed  the  much-complained-of  diversity  of  load- 
ings, because  the  attention  of  the  railway  engineer  has  been  directed 
rather  to  the  determination  of  a  loading  suitable  for  his  road,  than  of 
one  that  would  make  the  work  of  the  bridge  computer  easy.  This 
method  adopted  by  the  railway  engineer  for  selecting  bridge  loadings 
is  undoubtedly  the  only  rational  one,  and  will  not,  therefore,  be 
abandoned  simply  because  it  increases  the  labor  of  bridge  computers. 
But  there  is  no  advantage  in  adhering  strictly  to  the  exact  wheel 
weights  and  spacings  of  the  actual  loadings,  as  is  done  for  example  in 
loading  90  of  the  table.  The  real  distribution  of  the  loading  is  seldom, 
if  ever,  the  same  as  found  by  weighing  the  wheel  weights  when  the 
train  is  at  rest;  and  the  stresses  produced  by  the  actual  loading  would, 
so  far  as  can  now  be  known,  be  as  near  those  given  by  a  typical  load- 
ing with  wheel  spacings  in  even  feet,  and  wheel  loads  to  the  nearest 
1 000  pounds,  as  those  given  by  a  loading  with  dimensions  more 
minutely  agreeing  with  actual  static  dimensions.  This  consideration 
would  seem  to  show  that  it  would  be  no  sacrifice  of  accuracy  to 
reduce  unnecessary  drudgery  in  computations  by  rounding  off  the 
figures.  And  other  facts,  such  as  diflferences  in  allowed  unit  stresses, 
lead  to  the  conclusion  that  substantial  accuracy  in  results  may  be 
secured  so  long  as  the  general  distribution  of  the  actual  loading  is 
observed  in  the  typical  loading,  even  though  the  latter  may  differ  con- 
siderably from  the  actual  load  in  detail.  Thus  it  would  seem  reason- 
able to  expect  that  a  comparatively  small  number  of  standard  loadings 
might  replace  the  large  number  of  loadings  in  use  at  present.     That  a 
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great  saving  of  labor  for  the  bridge  computers  would  result  from  the 
general  adoption  of  a  set  of  standard  loadings  is  evidenced  by  the 
variety  of  loadings  given  in  the  list  above;  and  there  is  no  question 
but  that  such  loadings  would  be  readily  recognized  as  standard,  pro- 
vided they  were  so  selected  as  to  cover  substantially  the  same  ground 
as  the  present  specified  bridge  loadings. 

The  above  list,  comprising  the  loadings  now  specified  by  one  hun- 
dred independent  railway  systems  of  the  United  States  and  Canada, 
seems  comprehensive  enough  to  serve  as  a  basis  for  a  study  of  at  least 
some  of  the  conditions  a  set  of  standard  loadings  should  fulfill.  In 
the  list,  the  loadings  used  by  five  of  the  Canadian  railways  (Nos. 
79  to  83  of  the  list)  are  included.  All  Canadian  railways  that  receive 
government  aid,  and  most  of  them  do,  are  required  to  use  this  loading, 
which  is  that  contained  in  the  general  specifications  for  railway  bridges 
issued  by  the  Chief  Engineer  of  the  Government  railways  of  Canada; 
and  this  loading  may  therefore  be  considered  as  the  established  stand- 
ard for  Canadian  railways  at  this  time.  These  five  railways  will  there- 
fore be  disregarded  in  the  succeeding  remarks,  and  attention  will  be 
confined  to  the  95  remaining  railways,  which  are  all  in  the  United 
States.  Among  these  95  railways,  10  (Nos.  91  to  100  of  the  list) 
specify  some  kind  of  ■uniform  load  with,  in  some  cases,  additional  ex- 
cess loads.  As  the  actual  distributions  of  the  corresponding  concen- 
trated loading  from  which  these  uniform  loadings  have  been  derived 
are  not  given,  these  10  loadings  will  also  be  omitted  in  the  present 
inquiry.     Among  the  85  remaining  railways — 

71  specify  only  one  kind  of  loading. 
10  specify  two  kinds  of  loading. 
4  specify  three  kinds  of  loading. 
82  specify  a  loading  made  up  wholly  or  in  part  of  consolidation 

engines. 
12  specify  a  loading  made  up  wholly  or  in  part  of  passenger 
engines. 
6  specify  a  loading  made  up  wholly  or  in  part   of   decapod 

engines. 
3  specify  a  loading  made  up  wholly  or   in  part  of  ten-wheel 

engines. 
1  specifies  a  loading  made  up  in  part  of  mogul  engines. 
3  require   a  uniform  load  to  precede   as  well   as   follow  the 

engines. 
82  do  not  require  any  load  to  precede  the  engines. 
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Among  tlie  82  railways  that  specify  a  loading  made  up  wholly  or 
in  part  of  consolidation  engines — 

4  vary  the  weights  on  the  drivers. 
78  do  not  vary  the  weights  on  the  drivers. 

9  vary  the  weights  on  the  tender  wheels. 
73  do  not  vary  the  weights  on  the  tender  wheels. 

77  specify  two  consolidation  engines  and  a  uniform  load. 

3  specify  a  train  of  consolidation  engines. 

1  specifies  two  consolidation  engines  and  wheel-loads  for  train. 

1  specifies  the  4  driver-loads  of  a  consolidation  engine,  and  a 

uniform  load. 

In  the  above  enumeration,  railways  20  and  34  of  the  list  are  counted 
twice,  because  they  specify  two  loadings,  each  consisting  of  two  con- 
solidation engines  and  a  uniform  load. 

Of  the  77  loadings  of  two  consolidation  engines  and  a  uniform  load, 
there  are — 

27  that  are  each  used  by  1  railway. 

4  "  "  2  railways. 
3            "                "3 

2  that  are  each  used  by  4  railways  (Cooper's  "Lehigh  Yalley  " 

and  P.  R.R.  specifications). 
1  that  is  used  by  9  railways  (Cooper's  Class  "A"). 
1  "  16         "         (Cooper's  Extra  Heavy  "  A "). 

These  figures  make  it  clear  that  the  only  loadings  that  have  as  yet 
been  at  all  generally  adopted  are  those  given  in  Mr.  Cooper's  bridge 
specifications. 

Out  of  these  same  77  loadings — 

1  requires  a  22  000-lb.  driver  load  with  a  2  240-lb.  uniform  load, 

"  "  3  500  "  " 

"  "  3  000  "  *• 

"  "  3  000  "  *« 

<(  ..  3  000  "  " 

<i  ic  3  500  «  <« 

"  "  4  000  "  " 

<(  "  3  000  "  " 

"  "  3  500  "  " 

«  ..  4  000  "  " 

«  «  4  200  "  " 


1 

23  000 

12 

24  000 

1 

24  640 

3 

28  000 

1 

28  000 

1 

28  600 

18 

30  000 

1 

30  000 

14 

30  000 

1 

30  000 
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1  requires  a  31  000-lb.  driver-load  with  a  4  000-lb.  uniform  load. 


1 

32  000 

2 

32  500 

1 

34  000 

1 

35  000 

4 

35  000 

1 

36  000 

2 

i  average  J 
( 37  000  ] 

6 

40  000 

1 

44  000 

1 

(  average ) 

j  36  600  ) 

2 

only  gross  weights 

1  specifies  a  uniform  load  of 

37 

1 

6 

1 

29 

2 

"   3  600 

"   3  500 

"   3  000 

"   3  500 

"   4  000 

"   4  000 

"   4  000 

"      4  000 

"   3  200 

"      3  000 

(  3  000 

les  ■< 

1  4  200 

(( 

2  240  lbs.  pe 

rft. 

3  000 

3  200 

3  500 

3  600 

4  000 

4  200 

If  the  85  loadings  that  form  the  basis  of  this  paper  can  be  accepted 
as  fairly  representative  of  the  loadings  that  are  needed  by  railway 
engineers,  the  conclusions  that  the  comparisons  given  above  seem  to 
justify  are  : 

1.  A  loading  consisting  of  two  consolidation  engines  followed  by  a 
uniform  train-load  should  be  the  standard  form  of  specified  loading; 
but  this  should  be  supplemented  by  a  heavy  passenger  engine  for 
short  panels. 

2.  In  a  set  of  standard  loadings  the  uniform  load  should  vary  by 
increments  of  250  lbs,  from  3  000  lbs.  to  4  250  lbs.  per  foot. 

3.  The  driver-loads  should  vary  by  increments  of  3  000  lbs.  from 
24  000  to  36  000  lbs. ;  and  by  increments  of  4  000  lbs.  from  36  000  to 
44  000  lbs.  The  tender- wheel  loads  should  vary  by  increments  of  1  000 
lbs.  from  17  000  to  23  000  lbs.  The  truck- wheel  loads  should  vary  by 
increments  of  1  000 lbs.,  from  14  000  to  20  000  lbs. 

4.  The  driver  and  tender  wheels  in  a  given  loading  should  be  given 
uniform  weights. 
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The  difficulties  in  the  way  of  arriving  at  a  suitable  set  of  standard 
engine-loadings  do  not  seem  to  be  very  great.  A  large  majority  of  the 
railways  now  specify  consolidation  engines,  and  it  only  remains  to 
secure  an  agreement  as  to  certain  standard  wheel-spacings  and  graded 
Avheel-loads.  A.  problem  of  more  difficulty,  perhaps,  is  the  selection 
of  the  uniform  train-load  to  be  coupled  to  a  given  engine-load,  because 
the  uniform  load  now  used  by  many  railways  does  not  seem  to  bear 
any  general  relation  to  the  engine-loading.  Mr.  Purdon  has  called  at- 
tention to  the  fact  that  the  Pennsylvania  Kailroad  loading,  consisting 
of  two  consolidation  engines,  followed  by  a  uniform  train-load,  pro- 
duces smaller  chord  stresses  in  a  long-span  bridge  than  the  train-load 
with  the  engines  off  the  span.  In  this  loading,  the  aggregate  engine- 
loads,  if  distributed  uniformly  over  the  engine-wheel  base,  would  be 
only  about  3  700  lbs.  per  foot,  while  the  train-load  is  4  000  lbs.  per 
foot.  A  case  of  the  extreme  opposite  ratio  of  engine-load  to  train-load 
is  the  loading  for  the  Atchison,  Topeka  and  Sante  Fe  Railroad,  in 
which  case  the  aggregate  engine-loading  uniformly  distributed  over 
the  engine-wheel  base  would  be  about  5  200  lbs.  per  foot,  while  the 
train-load  is  only  3  200  lbs.  per  foot.  It  will  be  readily  perceived  from 
an  inspection  of  the  list  of  loadings  given  above  that  in  many  cases  the 
heavier  engines  are  attached  to  the  lighter  trains,  and  vice  versa.  Thus 
it  would  appear  that  each  uniform  load  should  be  coupled  to  several 
of  the  engine-loads  somewhat  as  follows : 

The  3  000-lb.  uniform  load  to  each  of  the  engines  having  from  24  000 
to  36  000-lb.  driver-loads,  and  each  of  the  other  uniform  load  from 
3  250  to  4  250  lbs.  per  foot,  to  each  of  the  engines  having  from  30  000 
to  44  000-lb.  driver-loads. 

Using  the  wheel  spacing  given  by  Mr.  Waddell  on  Plate  XVI, 
Transactions,  Vol.  XXVI,  p.  90,  the  set  of  loadings  resulting  from  the 
above  combinations  would  be  (see  table  on  page  521). 

The  tenders  for  the  passenger  engines  are  the  same  as  for  the 
corresponding  consolidation  engines.  The  engine-loads  in  this  set 
of  loadings  do  not  differ  much  from  those  proposed  by  Mr.  Waddell, 
but  they  agree  somewhat  more  closely  with  the  driver  weights  that  are 
used  in  current  specifications.  The  plan  of  coupling  one  engine-load 
to  several  uniform  loads  is  a  radical  departure  from  the  plan  adopted 
by  Mr.  Waddell,  of  coupling  each  engine-load  to  a  single  uniform  load, 
the  uniform  load  increasing  regularly  with  the  driver-load  of  the  en- 
gines coupled  to  it.     It  does  not  seem  possible  to  devise  a  system  of 
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loadings  on  this  latter  plan  tliat  will  agree  with  the  conditions  of 
actual  traffic.  For  example,  consolidation  engines  having  driver-loads 
of  from  24  000  to  36  000  lbs.  are  now  in  use  on  many  railways,  where 
the  heaviest  cars  hauled  are  of  60  000  lbs.  capacity,  weighing  about 
2  650  lbs.  per  foot,  so  that  present  traffic  conditions  seem  to  require 
that  the  uniform  load  of  3  000  lbs.  should  be  coupled  with  each  engine- 
load  up  to  those  having  at  least  as  much  as  36  000-lb.  driver-loads. 
This  seems  the  more  necessary  when  it  is  remembered  that  the  uniform 
load  of  3  000  lbs.  is  about  12%''  in  excess  of  the  weight  of  a  train  of 
loaded  cars  of  60  000  lbs.  capacity,  and,  therefore,  represents  a  load 
seldom  reached,  except  on  roads  carrying  ore  trains,  while  engines  hav- 
ing as  high  as  36  000-lb.  driver-loads  are  in  common  use  to-day.  While 
the  coupling  of  several  engine-loads  to  each  uniform  load  multiplies 
the  number  of  loadings,  still  this  is  a  matter  of  no  great  moment,  for 
the  most  important  advantage  to  be  gained  from  a  set  of  standard 
loadings,  viz.,  of  restricting  the  types  of  engine-loadings  to  a  small 
number  and  simple  dimensions,  would  be  attained  by  using  such  a  set 
of  loadings  as  are  given  above. 

The  suggestion  is  offered,  that  in  specified  loadings  where  mogul  or 
10-wheel  engines  are  used,  consolidation  engines  with  equal  driver- 
loads  may  be  properly  substituted;  and  where  decapod  engines  are 
used,  consolidation  engines  with  equal  aggregate  weight  may  be  sub- 
stituted, if  a  set  of  standard  loadings  made  ujj  of  two  consolidation 
engines  and  a  uniform  load  should  be  adopted.  The  writer  ventures  to 
express  the  hope  that  the  Society  will  regard  this  problem  of  sufficient 
importance,  and  its  satisfactory  solution  promising  enough  to  warrant 
its  consideration  by  a  special  committee. 

J.  A.  L.  Waddeliv,  M.  Am.  Soc.  C.  E. — In  discussing  this  paper  I 
merely  wish  to  point  out  that  Mr.  Purdon's  curves  on  Plate  II  con- 
firm a  statement  of  mine,  viz.,  that,  as  far  as  I  know,  "Class  U  "  of 
my  proposed  "  Compromise  Standard  System  of  Live  Loads  for  Rail- 
way Bridges,"  gives  results  a  trifle  greater  than  those  obtained  by 
adopting  two  of  the  heaviest  engines  yet  built  followed  by  a  train  of 
cars  as  heavy  as  are  yet*  used  on  any  track.  I  have  plotted  the  equiva- 
lent uniform  loads  for  "Class  U  "  on  Mr.  Purdon's  Plate  II,  and  find 
that  the  resulting  curve  passes  throughout  its  entire  length  a  little 
above  the  curves  for  the  heaviest  loads  there  given.  Again,  I  have 
plotted  also  on  the  same  plate  the  curve  for  the  lightest  load  of  my 
proposed  system,  viz.,  "  Class  Z,"  and  find  that  it  agrees  quite  closely 
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with  the  curve  for  the  lightest  loading  given  on  the  plate,  viz. ,  that 
for  the  New  York  Central  and  Hudson  River  Railroad. 

Now  it  is  probable  that  Mr.  Purdon,  in  preparing  Plate  II,  chose 
the  heaviest  engines  he  could  find  for  the  greatest  loads,  and  the 
lightest  heavy  engines  used  on  trunk  lines  for  the  smallest  loads  ; 
hence  it  seems  fair  to  conclude  that  my  proposed  "  Comj)romise 
Standard  System "  gives  the  heaviest  and  lightest  loads  that  are 
needed  at  present  in  designing  bridges.  In  order  to  make  the  system 
suitable  for  the  Santa  Fe  specifications,  however,  I  have  added  a 
"Class  T,"  to  be  used  for  floor  systems  and  primary  truss  members 
only,  the  engines  for  which  correspond  approximately  with  the  typical 
ones  adopted  in  the  Santa  Fe  specifications  for  1893. 

The  diagrams  of  equivalent  loads,  etc.,  for  the  proposed  "Com- 
promise Standard  "  will  be  issued  soon. 

C.  D.  PuKDON,  M.  Am.  Soc.  C.  E. — My  jjajjer  was  prepared  simply 
to  show  how  a  few  engines,  thought  remarkable  enough  to  exhibit, 
compared  with  the  loads  which  bridges  were  supposed  to  carry,  and  in 
this  respect  was  hardly  open  to  discussion.  I  had  no  intention  of 
reflecting  on  standard  loading,  or  starting  anew  a  discussion  on  that 
subject. 

Mr.  Baldwin's  table  gives  very  valuable  information  as  to  the  difi'er- 
ence  of  opinion  in  bridge  loading,  and,  so  far  as  I  know,  is  the  only 
attempt  ever  made  at  a  classification  of  the  same. 

Mr.  Baldwin  says  that  a  study  of  sijecified  loads  would  appear  to 
promise  more  fruitful  results  than  a  study  of  actual  loads.  Perhaps 
so,  but  certainly  the  actual  loads  should  also  be  studied  for  compari- 
son ;  it  is  the  actual  load  which  comes  on  the  bridges. 

I  think  diagrams  of  the  engines  in  Mr.  Baldwin's  table,  prepared 
as  were  my  diagrams,  would  show  that  the  uniformity  of  loading  so 
much  advocated  by  Mr.  Waddell  really  exists,  but  is  not  recognized. 
A  diagram  thus  prepared  would  give  a  number  of  groups  of  loadings, 
each  group  of  which  might  be  covered  by  a  single  typical  loading — 
for  instance,  in  my  Plate  I,  leaving  out  the  A.  T.  &  S.  F.  and  "Wabash, 
the  other  loads  come  practically  into  three  groups,  the  highest  of 
which  is  covered  by  Mr.  Waddell's  "Class  U. " 

The  diagram  would  enable  the  engineer  of  any  road  to  see  at  once, 
without  spending  any  time  in  figuring,  into  what  class  of  loading  his 
specification  came,  and  would  do  more  towards  Mr.  Waddell's  jaro- 
■posed  uniformity  than  any  amount  of  discussion  and  figures. 
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It  would  be  considerable  labor  to  prepare  such  a 
diagram,  but  it  could  be  divided  up  among  several 
members,  were  any  sufficiently  interested  in  the  subject 
to  devote  some  time  to  the  calculations.  I  could  under- 
take 5  to  10  loadings  myself. 

I  notice  in  Mr.  Baldwin's  table  that  only  3  specifica- 
tions out  of  85  require  any  load  to  precede  the  engine. 
Now,  with  roads  using  snow  plows,  this  might  make  an 
important  diflference.  Mr.  Temple,  Assoc.  M.  Am.  Soc. 
C.  E.,  and  I  are  now  calculating  the  effect  of  a  Jull  snow 
plow — which  was  on  exhibition  at  Chicago — followed  by 
two  engines,  and  find  it  makes  quite  serious  differences 
in  the  strains  in  some  bridges,  especially  in  the  floor. 
The  plow  has  an  ordinary  tank  behind  it,  and  this  tank 
is  pushed  by  two  engines,  the  leading  engine  having  its 
pilot  removed.  The  following  is  a  diagram  of  the  con- 
centrations : 

This  loading  increases  the  strain  by  the  following: 

On  10-ft.  span 24:  % 

On  15       "        22J" 

On  20       "        15    " 

On  30- ft.  to  40-ft.  spans,  no  difference;  and  on  spans  from 
40  to  90  ft. ,  about  2  or  3  per  cent.  All  these  on  stringers 
or  plate  girders. 

Our  figures  on  truss  members  are  not  yet  complete. 
So  far  we  find  an  increase  of  Q%  on  a  span  of  164  ft. 

These  increases  are  over  the  two  engines  on  the  dia- 
gram, followed  by  3  200  lbs.  per  linear  foot. 

I  do  not  see  why  the  uniform  load  following  the 
engines  should  be  varied  to  suit  the  engines,  unless  in 
case  of  a  mineral  road,  or  one  which  does  not  exchange 
cars  with  any  other  road. 

Under  the  present  system  of  traffic  there  is  nothing  to 
l^revent  a  car,  loaded  in  New  York,  going  over  every  road 
of  the  same  gauge  in  the  United  States  and  Canada;  and, 
as  Mr.  Baldwin  says,  this  extreme  load  is  about  2  650  lbs. 
per  foot;  so  that  3  200  should  be  a  sufficient  typical  load, 
unless  in  the  case  of  a  road  using  special  ore  cars. 
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SURVEYS     FOR    RAILWAY    LOCATION.— DISCUS- 
SION ON  PAPER  No.  619.* 


By  Geoege  R.  Hardy,  G.  B.  Nicholson,  C.  O.  Gleim,  Abthtjr  Pew, 
A.  Bkyson,  W.  R.  King  and  F.  A.  Gelbcke. 


George  E.  Hardy,  M.  Am.  See.  C.  E. — The,. very  excellent  paper 
that  is  now  under  discussion  divides  the  work  into  four  parts,  namely: 
Reconnaissance,  General  Survey,  Detailed  Survey  and  Field  Location. 

Personal  experience  reminds  us  that  closely  following  the  examina- 
tion of  a  country,  which  the  author  designates  as  reconnaissance,  we 
are  accustomed  to  survey  some  trial  line  which  -w-ill  afford  a  base 
for  detail  examination,  until  superseded  by  the  location  work. 
For  our  long  railroad  lines,  and  particularly  the  transcontinental, 
geographical  exploration  is  necessary  before  such  reconnaissance.  The 
information  thus  obtained  enables  a  selection  of  passes  or  features  of 
the  probable  routes  to  be  further  investigated,  these  belonging  to  the 
class  of  more  stupendous  obstructions. 

The  exploration  indicates  the  places  for  profitable  reconnaissance. 
The  reconnaissance  determines  which  general  routes  are  worthy  of  a 

*  "Surveys  for  Railway  Location."  By  F.  A.  Gelbcke,  Engineer  of  Government  Railways 
at  Cologne,  Prussia.    Transactions,  Vol.  XXIX,  page  429. 
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trial  survey.  The  trial  lines  with  topography  provide  data  and  maps 
for  projecting  a  location  line.  Trial  lines  are  usually  run  by  angles 
and  courses,  while  the  location  line  is  staked  every  100  ft.  in  curves  and 
tangents.  Engineers  of  the  highest  grade  and  experience  are  demanded 
for  personal  examination  of  the  country,  and  on  their  ability  and 
decisions  much  depends. 

Our  methods  offer  quite  a  contrast  with  the  suggestions  under  dis- 
cussion. 

First. — As  to  instruments.  For  exploration — barometer,  gi?xtant, 
compass  and  camera.  For  reconnaissance — barometer,  compass  and 
hand  level.  For  trail  lines — transit,  level,  tapes,  chains  and  rods  ; 
recently  the  stadia  work  has  been  used.  For  location — transit  and 
level,  etc.,  etc. 

Second. — Our  corps  of  engineers  are  not  so  amply  provided  with 
technical  members,  nor  are  we  able  to  avail  ourselves  of  such  well- 
advanced  mapping. 

Third. — We  are  not  accustomed  to  depend  so  much  on  topography 
as  to  establish  the  location  line,  beyond  the  necessity  for  careful  exam- 
ination of  the  proposed  location  in  the  field,  with  freedom  to  make 
such  changes  as  are  warranted. 

G.  B.  Nicholson,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  think  the 
gentleman  who  preceded  me  has  not  comprehended  the  German 
methods.  Probably  Mr.  Gleim  can  correct  me  if  I  am  not  right,  but  I 
understand  that  in  Germany  topographical  surveys  of  the  country  are 
so  complete  and  detailed  that  a  railroad  line  may  be  located  on  pub- 
lished maps  which  would  be  as  perfect  as  the  usual  preliminary  survey 
made  without  the  aid  of  such  maps. 

C.  O.  GiiEiM,  Cor.  M.  Am.  Soc.  C.  E. — You  can  in  some  of  the  pro- 
vinces ;  in  a  great  many  cases  the  surveys  of  the  Government  have  not 
been  completed. 

Aethur  Pew,  M.  Am.  Soc.  C.  E. — It  is  certainly  advisable  that  the 
country  should  be  thoroughly  studied  before  the  line  is  finally  located. 
The  locating  engineer  is  an  important  factor  in  making  or  marring  the 
fortunes  of  a  road,  and,  in  order  that  he  may  obtain  the  best  line,  he 
should  have  all  the  information  that  would  be  of  service  to  him. 

The  methods  proposed  by  Mr.  Gelbcke  for  obtaining  this  informa- 
tion are  slower  and  more  expensive  than  those  that  are  customary  in 
this  country.     The  reason  for  this  is,  that  he  does  not  fully  utilize  the 
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skill  and  judgment  of  the  locating  engineer,  but  has  an  expensive  corps 
of  engineers  collecting  information,  a  large  proportion  of  which  an  ex- 
pert locating  engineer  would  see  from  a  simple  inspection  of  the 
country  was  unnecessary. 

It  is  customary  in  this  country  for  the  locating  engineer  to  make  a 
careful  examination  of  the  country  through  which  the  line  is  to  run. 
He  has  with  him,  of  course,  an  aneroid  barometer,  a  pocket  compass, 
and  sometimes  other  instruments.  The  country  may  be  such  that  he 
can  quickly  decide  on  the  best  route,  or  there  may  be  several  possible 
routes,  between  which  he  cannot  decide  without  an  actual  survey. 
As  soon  as  he  decides  which  line  he  wishes  to  run  first,  a  corps  is 
put  in  the  field,  and  the  line  run  in  the  usual  manner  by  setting  num- 
bered stakes  100  ft.  apart. 

The  work  of  an  ordinary  corps  is  from  1  to  10  miles  of  line  a  day, 
depending  on  the  character  of  the  country,  efficiency  of  the  corps,  etc. 
The  cost  of  a  corps  varies  from  about  $800  to  $1  500  per  month,  with 
the  number  of  men  and  salaries  paid. 

There  is  rarely  any  objection  to  staking  out  the  preliminary  lines 
run  in  this  country,  for  property  owners  generally  understand,  or  are 
informed,  that  each  is  only  a  preliminary  line,  and  that  the  final  loca- 
tion may  possibly  be  several  miles  away.  The  fact  that  several  pre- 
liminary lines  are  usually  run,  and  the  consequent  uncertainty  as  to 
which  will  be  followed  most  closely  by  the  final  location,  has  a  tendency 
to  prevent  any  considerable  amount  of  extortion  on  the  part  of  land- 
owners. These  preliminary  lines  are  plotted  on  a  scale  suitable  to  the 
character  of  the  country  and,  being  staked  out  on  the  ground,  serve 
as  base  lines  by  means  of  which  the  necessary  topography  can  be  taken 
rapidly  and  accurately.  The  locating  engineer,  with  the  assistance 
rendered  by  these  maps,  can  select  the  best  route  and  locate  the  line  at 
a  minimum  of  expense. 

This  is  the  usual  American  method.  Its  advantage  over  that  pro- 
posed by  Mr.  Gelbcke  is  that  it  obviates  a  great  deal  of  unnecessary 
work  and  expense,  and  in  general  gives  excellent  results.  So  far  as 
my  own  observation  extends,  American  roads  are  located  fully  as  well 
as  those  of  Europe. 

In  my  own  experience,  in  some  of  the  southern  and  western  States 
the  total  cost  of  location,  including  all  preliminaries,  has  rarely 
amounted  to  as  much  as  $150  per  mile  of  located  line,  even  where  the 


528         DlSCUSSIOlf   ON    SURVEYS   FOR   RAILWAY   LOCATION. 

country  was  thoroughly  studied;  and,  in  some  instances,  the  cost  has 
not  exceeded  half  that  amount. 

A.  Brtson,  M.  Am.  Soc.  C.  E. — Mr.  Gelbcke  has  given  us  a  very  in- 
teresting paper  on  surveys  for  railway  location,  but  the  great  detail 
of  his  method  will  appear  rather  extreme  to  his  American  confreres. 
One  is  greatly  impressed  with  its  thoroughness,  but  it  is  very  ques- 
tionable whether  the  results  of  that  system,  practically  carried  out, 
would  be  any  better  than  one  not  so  elaborate  under  competent 
direction. 

In  the  method  outlined  by  the  author,  the  entire  subject  is  more 
and  more  developed  by  a  series  of  examinations  and  resulting  maps, 
until  the  selection  is  finally  made  by  a  process  of  elimination.  All 
this  requires  time,  patience  and  draughtsmen;  also,  the  entire  absence 
of  an  American  board  of  directors. 

The  reconnaissance  is  unquestionably  indispensable,  and  if  the  pre- 
viously mentioned  board  of  directors  have  not  already  determined  on 
the  general  points  to  be  touched,  so  practically  defining  the  route,  the 
engineer  will  have  an  opportunity  to  show  his  genius  for  "general" 
location  in  contradistinction  to  "detail  "  location;  if  he  possesses  the 
"diagnosing"  faculty,  his  personal  preliminary  work  will  save  much 
time,  so  that  the  author's  "General  Survey"  and  "Detailed  Survey  " 
may  be  brought  together  into  one. 

The  author  recommends  "  in  the  case  of  narrow  valleys,  always  to 
consider  both  slopes  of  the  valley  in  the  extent  of  the  survey."  If 
this  is  intended  to  mean  simply  the  taking  of  general  notes  sufficient 
to  intelligently  determine  questions  of  line  fitting  which  may  arise,  the 
writer's  views  are  in  hearty  accord,  but  not  if  carried  to  the  extent 
that  was  done  in  one  case  of  which  he  knows.  A  railway  line  was  lo- 
cated in  a  valley  varying,  maybe,  from  200  to  1  500  ft.  wide,  having 
bold  hills  on  each  side,  so  that  there  was  no  possibility  of  doing  any- 
thing excei^t  to  stick  to  the  flat  valley.  Nevertheless,  cross-lines  were 
run  500  ft.  apart,  from  up  on  the  hill  on  one  side  to  some  equally  neces- 
sary point  on  the  other,  throughout  the  entire  distance  of  15  or  20 
miles. 

There  can  be  no  "hard  and  fast  "  rule  applicable  to  all  occasions. 
If  the  engineer  engaged  on  such  work  is  possessed  of  that  personal 
acumen,  like  a  physician's  intuitive  ability  to  diagnose  diseases,  much 
time  and  money  will  be  saved;  it  is  aided  by  education,   study  and 
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practice,  but  they  do  not  entirely  make  up  for  its  absence;  otherwise, 
one  lihysician  would  be  as  able  and  successful  as  another,  and,  among 
engineers,  there  would  exist  a  like  equality. 

The  fact  that  location  may  make  the  difference  between  dividends 
and  bankruptcy  when  the  road  is  in  operation  is  difficult  to  impress 
upon  the  average  director's  mind,  but  the  engineer  should  insist  upon 
a  most  careful  and  thorough  personal  investigation  before  he  sends  a 
party  into  the  field.  For  this  purpose  a  hand  level  and  compass,  or 
other  handy  instrument,  in  the  hands  of  a  man  who  knows  country 
when  he  sees  it,  will  settle  questions  of  choice  of  routes  in  much  less 
time  than  exhaustive  barometric  surveys,  as  advocated  by  the  author; 
and  when  supplemented  by  some  flying  levels  t6  critical  points  will,  in 
the  writer's  opinion,  be  more  satisfactory,  his  experience  with  the 
aneroid  having  generated  a  feeling  in  his  soul  somewhat  akin  to 
distrust. 

The  author's  advocacy  of  contours  and  paper  location  is  most  cor- 
dially endorsed.  Possibly  his  service,  on  two  separate  occasions  years 
ago,  under  "practical"  men  impressed  upon  the  writer's  mind  the 
absolute  necessity  of  experimental  work  and  the  contour  map,  as  well 
as  the  great  saving  in  time  and  work  they  effect.  Each  of  those  men 
"  located  as  he  went  along  ";  if  the  line  happened  to  "  hit  about  right," 
"go  ahead";  if  not,  and  in  rough  country  it  was  generally  "not," 
we  had  to  "back  up  "  and  try  again. 

The  engineer's  judgment  and  perception  are  requisite  in  taking  the 
notes,  in  making  the  map,  and  in  laying  the  line.  His  science  and 
knowledge  will  both  find  occupation,  but  they  do  not  entirely  take 
the  place  of  that  faculty  which  every  successful  locating  engineer 
should  possess,  of  selecting  and  judging  line  and  country,  to  a  degree, 
without  instruments. 

Much  of  the  bad  location  to  be  seen  in  the  United  States  is  due  to 
interference  of  directors,  local  influences,  and  insuflflcient  time  for  the 
preliminary  examinations.  The  writer  recalls  one  case  when  some- 
thing more  than  a  month  was  spent  in  preliminary  work  over  more 
than  90  miles  of  line,  part  of  which  was  rendered  necessary  because 
some  one  in  authority  "had  an  idea"  and  the  engineer's  objections 
were  overruled.  After  the  contour  map  was  completed,  the  location 
was  projected,  and  work  pushed  so  rapidly  in  the  field,  that,  notwith- 
standing the  country  was  very  broken,  no  time  was  given  for  revision. 
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wMch  in  one  or  two  places  he  desired  to  make,  but  contractors  were  at 
work  as  soon  as  the  assistants  could  set  the  cross-section  stakes.  This 
is  a  common  occurrence  in  this  country,  however,  and  is  only  men- 
tioned to  show  that  the  author's  system  of  selecting  a  route  by  the 
slow  process  of  elimination  is  not  generally  adapted  to  our  requirements. 

A  slight  additional  cost  of  construction,  due  to  lack  of  time  for  all 
the  finer  adjustments  which  extended  study  might  show  to  be  possible, 
is  more  than  offset  by  the  earlier  realization  from  operation,  or  at  least 
is  so  considered  by  those  who  control  the  finances.  If  the  author's 
words,  "the  surveys  for  railroads  should  therefore  not  be  regarded 
lightly,"  could  have  been  impressed  ujjon  the  minds  of  American  rail- 
way directors,  we  should  have  fewer  instances  of  bad  location. 

Colonel  W.  R.  King.* — Forty  years  ago.  Colonel  George Escol  Sellers, 
a  mechanical  engineer,  then  living  in  Cincinnati,  in  connection  with  a 
Mr.  Whetstone,  constructed  a  kind  of  velocipede,  a  two-wheel  affair, 
that  would  go  over  the  ground  and  give  you  a  profile,  showing  hori- 
zontal and  vertical  distances,  and  do  it  with  a  fair  degree  of  accuracy. 
It  could  be  run  at  about  four  miles  an  hour  and  give  a  profile  of  the 
country.  That  instrument  was  made  for  the  Government,  and  in  some 
way  it  got  boxed  up  in  Washington,  where  I  found  it,  a  great  many 
years  ago,  and  took  it  to  Willett's  Point.  It  was  on  exhibition  in  the 
Engineer  Section  of  the  Government  Building  at  the  Columbian  Exhi- 
bition. I  found  Colonel  Sellers  a  couple  of  years  ago;  he  is  now  living 
in  Chattanooga,  Tenn.  This  idea  is  re-discovered  every  little  while, 
but  this  particular  invention  was  made  and  tried  in  1853,  and  it  is  a 
very  creditable  instrument;  it  will  pay  any  one  to  look  it  over. 

Mr.  r.  A.  Gelbcke. — I  have  been  much  gratified  by  the  interesting 
discussion  called  forth  by  my  paper,  and  participated  in  by  prominent 
engineers,  showing  that  American  engineers  concur  in  appreciating  the 
great  value  of  good  railway  surveys. 

In  answer  to  the  remark  by  Mr.  Pew,  that  according  to  his  observa- 
tions American  railroads  are  located  equally  well  as  those  of  Europe,  I 
beg  to  say  that  in  Europe,  including  Germany,  the  location  of  rail- 
ways in  former  years  used  to  be  carried  out  in  a  similar  manner  as  in 
America.  It  is  only  within  the  last  twenty  years  that  a  change  has  taken 
place  in  Germany,  by  the  frequent  adoption  of  the  methods  described 
in  my  paper. 

*  Corps  of  Engineers,  U.  S.  A. 
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Some  twenty  years  ago  I  took  ijart  in  the  preliminary  work  for  the 
St.  Gothard  Eailway,  in  Switzerland,  which  gave  me  an  opportunity 
for  recognizing  the  great  value  of  well-elaborated  contour  maps.  As 
early  as  1862  Mr.  "Wetli,  C.  E.,  had  prepared  such  a  maj)  for  the  St. 
Gothard  Railway,  on  a  scale  of  1  in  10  000.  This  map  was  success- 
fully used  for  the  great  number  of  studies  made,  with  the  object  of 
adjusting  the  line  as  well  as  possible  to  the  difficulties  of  the  case,  and 
as  a  comprehensive  map  of  the  whole  territory  of  the  project  was 
referred  to  over  and  over  again.  Nevertheless,  the  chief  engineer,  Mr. 
Gerwig,  had  contour  maps  made  on  a  scale  of  1  in  2  500  for  the  fur- 
ther elaboration  of  the  best  line  ;  and  when  the  line  had  finally  to  be 
located  for  construction,  the  then  chief  engineer,  Mr.  Hellwag,  did  not 
shun  the  time  and  expense  of  having  contour  plans  made  on  scales  of 
1  in  1  000  and  1  in  500.  It  was  only  by  this  means  that  the  design  of 
the  St.  Gothard  Railway  coiild  be  elaborated  with  such  jjerfection,  as 
presented  to  the  visitors  of  the  World's  Columbian  Exposition  in  some 
prominent  details. 

On  returning  from  Switzerland,  nearly  twenty  years  ago,  and  re- 
suming my  practice  in  Germany,  I  soon  found  full  opportunities  for 
applying  the  experiences  gained  in  the  system  of  railway  location,  and 
my  first  step  was  to  break  with  the  method  previously  prevailing  in 
Germany,  of  prematurely  staking  out  trial  lines  in  the  field.  The  results 
of  the  change  were  highly  satisfactory.  A  large  number  of  younger  col- 
leagues, now  advanced  into  prominent  positions,  after  assisting  in  elab- 
orating and  introducing  the  new  method,  have  gradually  propagated 
the  knowledge  and  application  of  it  over  Germany,  effecting,  as  1  feel 
convinced,  an  important  improvement. 

The  new  method  advocated  does  not,  however,  do  away  with  the 
requirement  of  "  judgment  and  perception  "  in  the  engineer  in  charge 
of  the  work.  The  development  of  the  best  line  of  location  will  leave 
him  full  opportunities  for  displaying  these  qualities.  But  he  can  do 
this  work  with  much  better  success,  and  he  can  bring  jjroof  of  the  line 
recommended  by  him  being  the  most  advisable  one.  In  many  cases 
the  surface  of  the  country  gives  so  little  chance  of  judging  from  mere 
observation,  that  the  best  location  can  only  be  found  by  the  aid  of 
plans,  a  fact  that  only  recently  I  have  found  confirmed  in  a  most 
surprising  manner. 

As  to  the  time  and  money  required  for  railway  surveys  according  to 
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the  method  described,  I  beg  to  repeat  that  they  cannot  bear  compar- 
ison with  the  great  advantages  and  savings  effected.  And  in  case  there 
is  need  of  very  quick  work,  that  can  also  be  effected  under  this  method 
by  taking  regard  of  the  principal  conditions  of  the  case,  but  leaving 
aside  all  less  important  accessories. 

If  the  locating  engineer  would  guard  himself  against  disappoint- 
ments and  waste  of  money,  he  should  choose  for  his  surveys  the  way 
indicated,  which  is  sure  to  lead  to  the  desired  end.  That  there  are 
simple  cases,  forming  an  exception,  in  which  an  early  staking  out  of 
the  line  in  the  field  may  be  adopted,  has  been  already  remarked 
towards  the  end  of  my  paper.  But  in  most  cases  the  early  setting  out 
of  the  line  in  the  field  is  a  mistake,  and  a  thorough  elaboration  of  the 
project  from  the  general  to  the  detail  only  to  be  recommended.  I  hope 
that  the  ideas  advocated  by  me  may  gain  ground  with  my  American 
colleagues  and  bear  good  fruita. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS, 

INSTITUTED    1852. 


TH^ISTS^OTIONS. 

None— Tbis  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advancfld 
in  any  of  its  publications. 
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CALCULATION  OF  CROSS-SECTIONS.— DISCUSSION 
ON  PAPER  No.  620.* 


By  Akthxjk  Pew  and  Francisco  Da  Silva  Ribeiro. 


Aethxtr  Pew,  M.  Am.  Soc.  C.  E. — Except  in  rough  or  mount- 
ainous work,  it  is  rarely  tlie  case  that  a  railroad  cross-section  cannot 
he  measured  with  sufficient  accuracy  by  simply  taking  the  center 
height  and  two  side  heights. 

Whenever  these  three  heights  give  a  correct  profile  of  the  surface, 
no  matter  what  the  slope  of  the  ground  may  be,  the  cross-section  may 
be  reduced  to  a  nearly  equivalent  level  cutting  (having  the  same  base 
and  slope  ratio)  whose  height  is  one-fourth  of  the  sum  of  the  side 
heights  and  twice  the  center  height. 

The  area  of  this  new  section  will  always  slightly  exceed  that  of  the 
original  section.  This  is  an  advantage,  as  it  tends  to  compensate  for 
the  slightly  concave  surface  which  the  earth,  in  theory  at  least, 
always  presents  to  a  railroad  excavation  or  embankment. 

Let  a  and  h  represent  the  side  heights,  and  c  the  center  height  of  a 

*  "  A  New  Method  of  Calculating  Cross-Sections  of  Roads  and  Railroads."  By  Francisco 
Da  SUva  Ribeiro,  Director  of  Public  Works,  Aveiro,  Portugal.    Tramacliont,  Vol.  XXIX,  page 
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cross-section.     Reduce  this    to    a    level   section,    making  its   height 

«  +  6  +  2c 


The  area  of  the  level  section  will  exceed  that  of  the  original  section 
by  cf'  r,  where  d  =  the  difference  between  c  and  c',  and  r  =  the  ratio  of 
the  horizontal  distance  of  the  side  slope  to  the  vertical  distance. 

If  desired,  a  table  can  be  easily  calculated  giving  the  amount  of 
this  excess  for  different  values  of  d,  and  from  this  table  the  proper 
corrections  can  be  taken  ;  but  on  moderately  sloping  ground,  the  excess 
is  so  small  that  it  may  be  neglected. 

The  advantage  of  reducing  sloping  cross-sections  to  equivalent 
level  ones  is  that  the  end  areas  need  not  be  calculated  at  all.  The 
cubic  contents  can  be  taken  directly  from  tables,  and  corrected  for 
longitudinal  slope,  as  explained  in  several  text  books  on  the  subject. 

I  believe  the  formula  given  to  be  original.  By  its  use  the  calcula- 
tion of  excavation  and  embankment  becomes  a  very  small  affair,  as, 
after  a  man  becomes  familiar  with  it,  he  can  calculate  from  500  to 
1  000  cross-sections  a  day  of  such  ground  as  constitutes  at  least 
95/^  of  railroad  work,  not  in  mountainous  regions. 

This  method,  however,  is  only  ajjplicable  to  sections  that  can  be 
measured  by  taking  the  center  height  and  two  side  heights.  On  very 
irregular  ground  the  method  of  Mr.  Ribeiro,  or  something  similar, 
may  be  employed. 

M.  Fbancisco  Da  Silva  Ribeieo.  *— Mr.  Arthur  Pew,  in  discussing 
our  method  of  calculating  cross-sections,  remarks: 

1st.  That  a  simpler  system  for  computing  cross-sectional  areas  in 
a  fiat  country  consists  in  reducing  each  section  to  a  nearly  equivalent 

level  cutting,  whose  height,  c, '  = -j ^ 


2d.   That  the  surface  so  calculated  will  always  be  slightly  in  excess 
of  the  exact  area,  but  the  excess,  whose  value  is  represented  by  d'r,  or 

— ,  d  being  the  difference  c'  —  c  of  the  two  center  heights,  is  so  small  on 

*  Translated  irom  the  French  by  Foster  (Jrowell,  M.  Am.  Soc.  C.  E. 
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moderately  sloping  ground  that  it  may  be  neglected,  and  for  other 
cases  a  table  can  be  prepared  giving,  for  different  values  of  d,  the  cor- 

rection  — ,  which  is  to  be  deducted,  to  obtain  the  correct  area. 

3d.  That  the  method  of  equivalent  level  cuttings  enables  one  person 
to  compute  easily  from  500  to  1  000  cross-sections  in  a  day. 

4th.  That  our  method  is  not  advantageous  except  in  rough  ground, 
where  the  system  of  three  heights  cannot  well  be  employed,  and  that, 
even  there,  some  other  system  would  give  as  good  results. 

The  writer  thanks  Mr.  Pew  for  his  able  criticism,  and  will  now 
endeavor  to  answer  him. 

The  process  by  the  three  heights  is  of  course  very  ingenious  and 
simple,  but  it  requires  previous  plotting  of  the  sections;  whereas,  in 
our  method  the  plotting  is  not  indispensable.  In  comparing  the 
number  of  sections  which  it  is  possible  to  compute  per  day,  the  time 
spent  in  plotting  must  be  taken  into  account;  with  our  diagram  one 
employee  can  calculate  200  sections  per  day,  and  the  writer  does  not 
think  it  would  be  possible  for  him  to  plot  and  calculate  the  same 
number  by  the  three-heights  method. 

As  regards  accuracy,  furthermore,  Mr.  Pew's  method  is  not  to  be 

compared  to  ours,  for  the  expression  —  varies,  not  only  with  the  in- 
clination of  the  surface,  but  also  with  the  center  height;  really  the 
exact  value  of  the  height  of  section  reduces  to — 

C  -f-lt 


V  li 


/being  the  half  width  of  platform,  and  /  the  slope  of  the  surface;  the 
difference — 


y— c  =  (c+Z/)— ^ 


i^  c  +  It 


^-^  +  n1-f 
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We  see  that  this  difference  increases  with  —  and  with  c.      Let  us 

t 

1  2 

suppose  a  case  of  a  fill  on  ground  inclined  at  5-;  making  ^  =  0-  aiid  i  = 

o  o 

5-  we  deduce — 
o 

y  —  c  =  0.177  (c  +  It); 
if  c  +  lt=:20,  which  corresponds  to  a  fill  of  17  or  18  m.,  we  find — 

?/  — c  =  3.54; 

and  it  follows  that  ^^  ~  ^^'  =  —  =  18.80. 

The  error  must  increase  in  applying  the  three-heights'  method 
since  c'  is  greater  than  y.  In  our  method  there  are  no  appreciable 
errors. 

The  correction  table  proposed  by  Mr.  Pew  is  the  weak  point  of  his 
system. 

In  conclusion,  the  author  knows  no  other  process  that  gives  the 
cross-sectional  areas  on  any  ground  without  plotting  and  with  such 
close  approximation. 
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THE  GAUGES  OF  RAILWAY  TRACK.— DISCUSSION 
ON  PAPER  No.  621.* 


By  H.  G.  Peout,  Foster  CkoweijL,  E.  E.  B.  Tratman  and  E.  A,  Ziffer. 


H.  G.  Prout,  M.  Am.  Soc.  0.  E. — I  do  not  rise  to  discuss  this  paper 
at  any  length,  but  it  ought  not  to  go  into  the  printed  records  of  the 
Society  without  a  word  of  protest.  Those  who  have  read  it  will  see  that 
the  whole  argument  is  a  collection  of  the  assertions  which  we  were  very 
familiar  with  in  America  twenty  years  ago,  but  there  is  no  demonstration. 
The  author  says  that  "economy  of  construction  is  principally  brought 
about  by  the  faculty  of  narrow-gauge  roads  to  adapt  themselves  closely 
to  the  formation  of  the  country  and  to  use  steeper  gradients  and 
smaller  radii,"  and  the  economy  of  construction  from  the  use  of 
lighter  materials  is  particularly  dwelt  upon.  But  a  4  ft.  -8i  in.  gauge 
railroad  can  be  built  as  light  as  a  3-ft.  gauge  railroad,  if  you  build  it 
for  the  same  character  and  amount  of  work.  If  you  want  a  light 
secondary  road  to  do  a  small  traffic,  with  light  loads  hauled  short 
distances,  your  rolling  stock  and  your  rails  and  all  your  structures  can 
be  light ;  but   for  heavy   traffic  they   must   be   heavy.     The  author 

*  "  On  the  Gauges  of  Railroad  Track  in  General,  with  Special  Consideration  of  Narrow- 
Gauge  Railroads."  By  E.  A,  Ziffer,  M.  Am.  Soc.  C.  E.,  of  Vienna,  Austria.  Transactions,  Vol. 
XXIZ,  page  453. 
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speaks  particularly  of  the  economy  of  rolling  stock.  As  a  matter  of 
fact,  a  narrow-gauge  locomotive  will  cost  more  than  a  standard  loco- 
motive per  ton  of  useful  weight.  Of  course,  all  this  is  within  reason- 
able limits,  but  we  are  speaking  of  a  railroad,  built  where  it  is  worth 
while  to  build  a  railroad,  and  not  a  mill  or  plantation  railroad.  The 
author  speaks  frequently  of  the  economy  of  maintenance  and  operation 
arising  from  the  narrow  gauge,  as,  for  instance,  the  economy  of  oper- 
ating small  station  buildings,  small  yards,  small  everything,  but  he 
neglects  to  mention  the  very  great  economy  he  would  derive  from 
having  small  men  to  run  his  locomotives  and  turn  his  switches,  etc. 
Finally,  his  demonstration  of  the  economy  in  operating  expenses  ig 
based  upon  a  few  railroads  cited,  in  which  the  ratio  of  operating 
expenses  to  gross  earnings  is  favorable;  but  he  tells  us  nothing  of  the 
character  of  the  traffic  or  even  the  rates  received  for  carrying  that 
traffic;  and  that,  of  course,  is  fundamental.  Those  are  special  railroads, 
built  and  operated  under  special  conditions;  it  is  probable  that  they 
pay  special  rates,  and  it  is  jaossible  that,  with  larger  gauge,  the  ratio  of 
operating  expenses  to  gross  earnings  would  have  been  still  more 
favorable. 

FosTEE  Ckowell,  M.  Am.  Soc.  C.  E. — I  quite  agree  with  what  Colonel 
Prout  has  said.  I  think  he  might  have  said  a  little  more,  in  calling 
attention  to  the  practical  demonstration  of  the  failure  of  the  narrow 
gauge  in  this  country,  where  very  few  of  the  many  narrow-gauge  roads  of 
the  last  decade  are  now  running  as  such.  There  are  some,  it  is  true,  that 
are  still  running,  but  with  a  third  rail  for  the  standard  gauge.  A  great 
many  narrow-gauge  roads  have  been  abandoned,  and  others,  that  were 
built  during  the  craze  of  ten  or  fifteen  years  ago  in  places  where  stand- 
ard gauge  might  have  been,  have  been  remodeled  into  standard  gauge 
at  considerable  expense.  The  reason  has  been  the  excessive  cost  of 
operation  of  the  narrow  gauge,  all  things  considered.  The  question 
of  the  initial  cost  of  construction  is  not  one  to  be  considered  by  itself. 
I  have  recently  had  occasion  in  my  professional  practice  to  examine 
a  group  of  minor  railroads,  some  standard  and  some  narrow  gauge,  all 
built  for  the  same  purpose  of  obtaining  lumber  and  bark  from  other- 
wise inaccessible  timber  districts,  and  where  the  roads  are  not  intended 
to  continue  very  long  in  service.  Even  there  the  comparison  of  the 
working  expenses  showed  that,  while  the  four  standard  and  six  narrow 
gauges  had  been  successful,  the  operation  of  the  standard-gauge  roads 
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had  been  much  more  profitable.  Wherever  a  narrow-gauge  road  is 
either  in  competition  or  in  communication  with  a  standard  gauge,  it  is 
at  a  disadvantage;  and  even  in  a  new  country,  without  competition,  the 
physical  argument  will  generally  be  in  favor  of  the  standard  gauge, 
although,  very  obviously,  conditions  are  sometimes  met  with  which 
justify  the  narrow  gauge.  The  arguments  for  the  narrow  gauge,  at 
this  time,  from  our  experience,  are  rather  ancient  history. 

The  rise  and  fall  in  this  country  of  the  narrow-gauge  delusion  is 
illustrated  in  the  following  little  table,  which  I  have  prepared  to  show 
the  comparative  mileage  at  the  present  time  and  of  ten  years  ago,  when 
the  narrow-gauge  movement  had  just  passed  its  high  water-mark.  The 
figures  of  total  mileage  given  therein  are  taken  from  Poor's  "Manual  of 
Railroads, "  editions  of  1883  and  1893;  the  manual  does  not  summarize 
the  narrow-gauge  roads,  but  I  have  carefully  gone  over  the  state- 
ments of  steam  railroads  in  the  two  editions  and  separated  the  two 
classes. 

It  may  surprise  many  to  learn  from  the  table  that  no  less  than  147 
narrow-gauge  railroads,  with  an  aggregate  length  of  9  291  miles,  have 
been  either  entirely  converted  to  standard,  supplied  with  a  third 
rail,  or  abandoned  during  the  past  eleven  years.  These  roads,  "  though 
lost  to  sight,"  are,  doubtless,  "to  memory  dear"  to  the  confiding 
shareholders,  who  were  led  astray  by  the  same  specious  arguments 
that  we  have  had  presented  anew  in  this  paper. 

It  is  scarcely  necessary  to  add  to  this  record  the  experience  afforded 
in  other  countries  as  to  the  comparative  values  of  the  narrow  and  the 
standard  gauge,  but  it  may  be  stated  broadly  that  wherever  the  two 
have  been  introduced  into  the  same  territory  the  standard  gauge  has 
proved  the  best  fitted  to  survive.  In  the  interesting  paper  presented 
to  this  division  of  the  Engineering  Congress,  upon  Railroads  in  the 
Republic  of  Mexico  in  1893,  Senor  E.  Prieto  Basave,  M.  Association  of 
Engineers  and  Architects  of  Mexico,  makes  the  statement  that,  while 
three  standard-gauge  roads  have  paid,  resisectively,  approximately  6j, 
8^  and  13^  per  cent,  per  annum,  the  fourth  of  the  group,  the  Mexican 
National,  which  is  narrow  gauge,  has  only  realized  about  4  per  cent. 
It  is  only  fair  to  say  that  Seiior  Basave  does  not  himself  attribute  the 
difference  in  earning  power  to  the  gauge,  but  ascribes  it  to  the  road 
"not  being  very  well  managed."  He  adds,  however,  that  "at  the 
present  time  it  is  paying  the  tribute  due  to  its  wasteful  construction, 
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for,  notwithstanding  its  being  a  narrow-gauge  road,  it  has  cost  50% 
more  per  kilometer  than  the  Central  "  (standard  gauge) : 


Bailroads  in  the  United  States  (excluding  street  railroads). 


All  railroads  in  operation  in  1 882*  

Narrow  gauge  in  operation  in  1882* 

Percentage,  narrow  gauge  in  1882 

Narrow-gauge  railroads  built  during  the  decade  ending  with  1892 

All  railroads  built  during  same  period 

Average  narrow  gauge  per  year 

Total  average  per  year 

Percentage,  narrow  gauge 

Narrow-gauge  railroads  built  in  the  three  years,  1890,  1891  and  1892 

All  railroads  built  during  same  period 

Average  narrow  gauge  per  year , 

Avt-rage  all  roads  per  year 

Percentage,  narrow  gauge 

Narrow-gauge  railroads  either  converted  to  standard  4  ft.  8^  gauge,  sup- 
plied with  third  rail,  or  abandoned,  during  the  decade  ending  with 
1892 

Narrow-gauge  railroads  in  operation  in  1892  t 

All  railroads  in  operation  in  1892  t 

Percentage,  narrow  gauge 

Narrow-gauge  railroads  converted  to  standard  gauge  subsequent  to  1892 

Narrow-gauge  railroads,  included  above,  used  exclusively  for  light  pas- 
senger excursion  business 

Narrow-gauge  railroads  doing  combined  passenger  and  freight  business 

In  1893 

Percentage,  narrow  gauge  compared  with  all  roads 


Miles.      Number. 


112  412 

9  762 

4  281 

62  811 

428 

6  281 

fi  s 
"10 

278 

13  870 

93 

4  623 

2 


4  804 
175  223 

2t 


4  662 

2f 
T 


1  538 
161 

102 

2  166 


110 

2  166 

5 


12 


94 


*  Poor's  '•  Manual  of  Railroads,"  1883. 
t  Poor's  "  Manual  of  Railroads,"  1893. 


Eeturning  to  the  United  States  railroads,  it  should  be  noted  that 
the  comparisons  in  the  table  are  based  upon  the  length  of  road,  and  not 
of  total  track;  but  as  few  narrow-gauge  roads  have  second  track,  and 
the  total  length  of  main  track,  excluding  sidings,  in  the  United  States 
in  1893  could  not  have  been  far  from  200  000  miles,  the  percentage  of 
narrow  gauge  for  this  year,  as  given  in  the  table  can  properly  be  re- 
duced in  the  proportion  of  200  000  to  175  000  to  2^%'  of  the  total 
mileage. 

The  table  shows  also,  that  for  the  past  three  years  the  proportion 
of  narrow  gauge  built  has  been  very  far  below  the  average  for  the  past 
ten  years,  and  has  been  confined  to  short  lines  averaging  23  miles  in 
length;  these  figures  are  probably  not  absolutely  exact,  but  they  have 
been  carefully  collated  and  undoubtedly  fairly  reflect  the  passing  of 
the  narrow  gauge. 
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E.  E.  R.  Tkatman,  Assoc.  M.  Am.  Soc.  C.  E. — In  this  country  the 
necessity  and  advantages  of  uniformity  of  gauge  have  been  proved 
beyond  dispute. 

The  Billerica  and  Bedford  Railway,  instanced  by  Mr.  Ziffer,  was 
changed  from  2  ft.  to  4  ft.  8^  ins.  gauge  some  years  ago. 

In  ordinary  railway  service  there  is  little  advantage  per  se  in  the 
narrow  gauge,  and  the  advantages  claimed  can  be  secured  with  stand- 
ard gauge  if  proper  attention  is  paid  to  location,  construction  and 
equipment. 

It  has  been  amply  proved  in  this  country,  Australia  and  India  that 
it  is  unwise  to  introduce  a  second  gauge. 

Mr.  E.  A.  ZiPFEB.  — I  am  indebted  to  the  American  Society  of  Civil 
Engineers  for  having  afforded  me  an  opportunity,  as  I  was  unable  to  be 
present  at  the  Chicago  Congress,  to  reply  to  the  adverse  criticism 
raised  in  the  discussion  of  my  paper. 

First  of  all,  I  may,  I  think,  conclude  that  Messrs.  H.  G.  Prout  and 
Foster  Crowell  were  laboring  under  the  erroneous  impression  that  I 
advocated  the  adoption  of  the  narrow  gauge  for  railroads  generally, 
and  that  the  justification  of  the  advantages  was  matter  of  recent  date. 

This  is  not  so,  inasmuch  as  I  showed  that  in  Germany  the  move- 
ment in  favor  of  narrow-gauge  roads  commenced  in  1869,  and  that  ia 
1870,  before  the  British  Railway  Union  in  Liverj^ool,  Fairlie  declared 
that  "  every  inch  added  to  the  absolutely  necessary  width  of  the  gauge 
increases  the  cost  of  construction,  the  proportion  of  dead  load  and  the 
cost  of  i^assenger  traffic."  Nor  did  I  fail  to  quote  the  Festiniog  nar- 
row gauge  which  dates  from  1832. 

My  task  was  to  set  forth  the  value  of  the  narrow  gauge  for  lines 
of  subordinate  importance,  secondary  and  vicinal  railroads,  feeders, 
etc. ,  and  to  describe  the  developments  and  extensions  of  i-ecent  years, 
especially  on  the  Continent  of  Europe,  for  I  am  well  aware  that  the 
narrow  gauge  is  systematically  opposed  on  every  side,  and  frequently 
by  technical  men  of  repute. 

I  deem  it  one  of  the  most  important  aims  of  engineering  to  cultivate 
the  construction  of  secondary  railways,  which,  in  consequence  of  low 
cost,  are  yet  dividend  earning  with  a  minor  traffic,  and  are  on  the  other 
hand  suitable  to  deal  with  traffic  of  gradual  growth,  or  with  traffic 
developed  by  extraordinary  causes. 

In  my  final  conclusions  I  stated  distinctly  that  for  secondary  (local 


543  DISCUSSION   ON   THE    GAUGES   OF    EAILWAY   TRACK. 

and  vicinal)  railroads,  as  well  as  for  all  roads  of  inferior  importance, 
•wliicli  subserve  limited  interests  and  accommodate  principally  local 
traffic,  standard  and  a  great  variety  of  narrow  gauges  have  been  adopted. 
The  latter  have  been  chosen  in  just  appreciation  of  their  economic 
advantages  in  construction  and  oi^eration.  I  also  added  that  in  certain 
cases  the  adoption  of  the  standard  gauge  might  prove  desirable  for 
secondary  railroads;  but  that,  as  a  general  rule,  the  narrow  gauge  was 
the  rational  solution  of  the  question  of  the  simple  and  economical  con- 
struction and  operation  of  secondary  lines,  even  for  a  not  inconsidera- 
ble traffic,  and  that  the  naiTow  gauge  was  also  to  be  recommended  for 
main  lines  in  countries  with  a  presumably  moderate  traffic,  and  where 
the  financial  status  necessitated  the  greatest  possible  economy,  so  that 
the  invested  capital  might  earn  a  good  interest  as  quickly  as  possible. 

If  the  whole  argument  of  my  paper  is  deemed  by  the  gentlemen  I 
named  to  be  a  collection  of  assertions,  and  to  demonstrate  nothing,  I 
must  state  in  reply  that  their  protests  are  not  calculated  to  throw  light 
on  the  subject. 

It  is  true  that  a  standard-gauge  line  can  be  constructed  with  light 
superstructure  and  light  rolling  stock;  but  even  in  this  case  the  cost  of 
constructing  and  stocking  will  be  higher,  because  more  land  must  be 
acquired  and  a  wider  roadbed  built,  with  a  greater  development  in  its 
establishment.  The  superstructure  will  cost  more  in  consequence  of 
the  longer  sleepers  and  increased  width  of  crown  of  ballast,  and  of  the 
increased  width  of  the  rolling  stock,  without  attaining  any  comi^ensat- 
ing  advantage,  while  in  the  event  of  a  connection  with  any  other  stand- 
ard-gauge line,  the  transfer  of  the  rolling  stock  from  the  main  road  is 
impracticable  in  consequence  of  its  greater  weight. 

My  oijponents'  contention  may  be  right,  that  a  ton  of  narrow-gauge 
locomotive  costs  more  than  a  ton  of  standard-gauge  locomotive;  but  it 
is  undoubtedly  true  that  a  narrow-gauge  locomotive  costs  less  than  a 
standard-gauge  locomotive,  and,  which  is  in  favor  of  the  narrow  gauge, 
that  a  certain  number  of  locomotives  are  needed  to  work  a  given  num- 
ber of  trains.  For  example,  a  locomotive  of  the  Saxon  State  narrow- 
gauge  line  (0. 75  m.  gauge)  costs  21  376  marks,  as  against  a  standard- 
gauge  locomotive  of  the  Saxon  State  railways,  which  costs  44  902 
marks. 

Maintenance  of  the  narrow-gauge  locomotive 1  784.87  marks. 

Maintenance  of  the  standard-gauge  locomotive 2  695.24       " 
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In  a  serious  question  of  the  nature  of  this  one,  I  treat  as  an  ill- 
placed  jest  the  remark  that  small  men  should  be  found  to  operate  such 
light  lines. 

In  point  of  fact,  secondary  railroads,  on  which  the  speed  will 
depend  upon  the  importance  and  extent  of  the  traffic,  can,  without 
diminishing  safety,  be  operated  more  simply  and  with  a  less  numerous 
and  experienced  staff  of  employees.  This  alone  constitutes  an  economy, 
A^ithout  any  references  to  the  further  advantages  set  forth  in  my  paper. 
If  ijroof  be  necessary  in  respect  of  saving  in  cost  of  construction,  this 
may  be  obtained  easily  by  consulting  the  surveys  and  estimates  made 
for  one  and  the  same  line  on  different  gauges,  to  which  I  also  referred, 
and  thereby  demonstrated  that  the  cost  of  construction  and  width  of 
gauge  are  inseparably  connected.  Nor  have  I  in  view,  as  Mr.  Prout 
may  think,  merely  the  construction  of  a  mill  or  plantation  railroad; 
but  public  lines  intended  for  passenger  and  goods  traffic.  I  quoted, 
giving  some  particulars,  several  lines  operating  in  various  countries, 
which  it  is  inferred  that  I  selected  on  account  of  the  favorable 
ratio  of  their  working  expenses  to  income,  without  giving  any  partic- 
ulars of  their  traffic.  Had  I  desired  to  give  these  particulars,  I  should 
have  been  forced  to  compile  statistics,  which  would  have  exceeded  the 
limits  of  a  paper,  and  this  would  have  been  superfluous,  for  having 
quoted  the  sources  from  which  my  information  was  drawn,  every  one 
could  procure  the  desired  details  for  himself. 

Mr.  Foster  Crowell's  statement,  that  the  narrow  gauge  has  been  de- 
monstrated to  be  a  i^ractical  failure  in  America,  that  some  of  the  roads 
have  been  remodeled  into  standard-gauge  railroads,  and  that  others 
have  been  provided  with  a  third  rail  for  the  standard  gauge;  further, 
that  operating  the  standard-gauge  roads  had  been  much  more  profit- 
able than  operating  the  narrow  gauge,  and  that  the  arguments  for  the 
narrow  gauge  at  this  time  are  ancient  history,  all  go  to  show  that  either: 
the  narrow-gauge  roads  have  been  constructed  in  unsuitable  cases  or 
in  ignorance  of  the  conditions,  and  not  in  accordance  with  modern 
tested  practice,  in  narrow-gauge  construction,  and,  perhaps,  that  they 
have  been  operated  as  though  they  were  standard-gauge  main  lines. 

If  all  the  defects  of  narrow-gauge  roads  were  so  uncontested,  it 
were  hardly  conceivable  that  in  America,  during  the  last  ten  years,  new 
narrow-gauge  roads  should  have  been  constructed,  though  their  average 
length  bo  only  twenty-three  miles. 
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The  reference  also  to  Mr.  C.  Prieto  Basave's  report  merely  goes  to 
show  that  in  Mexico  the  narrow-gauge  roads  have  been  badly  con- 
structed, and  not  very  well  operated. 

The  communications  in  my  i)aper  are  based  on  practical  results,  and 
are  in  no  way  the  vague  assertions  which  Messrs.  Prout  and  Foster 
Crowell  assume  them  to  be.  The  results  appeared  to  me,  indeed,  to 
be  suited  to  throw  light  upon  an  important  question.  It  may  be 
gathered  from  the  paper  that  narrow-gauge  roads  continue  to  extend 
in  European  countries  in  consequence  of  their  higher  economic  advan- 
tages in  point  of  construction  and  operation. 

The  governments  of  Prussia,  Russia,  France,  Belgium  and  Austria 
have  regulated  the  application  of  the  narrow  gauge  by  certain  enact- 
ments, of  which  those  in  Prussia  and  Russia,  issiied  as  late  as  1892,  are 
worthy  of  si^ecial  attention. 

The  resolutions  of  the  International  Railway  Congress  and  of  the 
International  Permanent  Tramway  Union,  Avhich  resolutions,  therefore, 
mav  be  deemed  to  be  those  of  competent  bodies,  bear  witness  to  the 
economic  importance  of  the  narrow  gauge  for  secondary  railroads. 

The  following  resolutions,  which  could  not  be  embodied  in  my 
paper,  were  passed  in  September  last  by  the  Congress  of  the  Interna- 
tional Permanent  Tramway  Union,  held  at  Buda-Pesth: 

"  In  consequence  of  the  saving  which  can  be  effected  in  their  con- 
struction and  operation,  narrow-gauge  railroads  are  destined  to  form 
an  economical  and  valuable  adjunct  in  completing  the  existing  net- 
work of  railroads,  and  to  influence  the  prosperous  development  of  rail- 
roads of  inferior  order. 

"  Each  of  the  three  gauges  in  use  uj)  to  the  i3resent  time,  1  m.,  0.75 
m.  and  0.60  m.,  has  been  found  useful  in  practice  under  given  condi- 
tions, and  their  application,  therefore,  is  justified.  The  choice  of  gauge 
should,  however,  in  each  case  follow  the  careful  consideration  of  the 
conditions  presented  by  detailed  investigations  of  the  existing  and 
future  probable  requirements  of  traffic,  due  regard  being  given  to  local 
needs,  the  convenience  of  passengers,  and  the  financial  and  other 
support  available. 

"  In  order  to  secure  the  earning  of  suitable  profit  on  the  capital 
invested  in  such  lines,  the  limited  aims  of  which  are  to  be  realized  at 
low  cost,  due  regard  must  be  given  to  economical  construction  and 
simple  cheap  operation." 

In  conclusion,  I  should  like  to  state  that  in  Bosnia  and  Herzego- 
vina a  continuous  network  of  narrow-gauge  railroads,  with  0.76  m. 
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gauge,  and  609  km.  in  length,  is  in  operation,  which  meets  heavy  mili- 
tary requirements,  although  the  average  cost  of  construction  was  53  206 
florins*  per  kilometer,  in  despite  of  the  exceptionally  heavy  char- 
acter of  the  country,  and  the  rendering  permanent  a  road  laid  tem- 
porarily in  the  first  instance. 

During  the  year  1891  the  traffic  of  the  Bosnia  line  per  kilometer 
averaged  73  271  passengers  and  65  411  tons,  and  the  average  gross 
receipts  per  kilometer,  4  350  florins.  The  working  expenses  amounted 
to  1  893  florins,  and  the  capital  earned  a  dividend  of  4.6  j^er  cent. 

The  Salzkammergut  local  railroads,  64  km.  in  length,  and  the 
Styrian  local  jirovincial  railroads,  49  km.  in  length,  were  constructed 
in  consequence  of  the  satisfactory  results  of  the  Bosnian  and  Herzego- 
vinian  lines,  with  a  corresponding  gauge  of  0.76  m.  Having  been  in 
operation  for  one  year  only,  no  returns  are  yet  available.  This  year 
76  km.  of  local  railroads  have  been  under  construction  in  Styria  on  the 
same  gauge,  and  within  the  last  few  days  the  local  railroad  Ibsthal, 
70  km.  in  length,  with  a  gauge  of  0.76  m.,  has  been  chartered. 

In  the  Kingdom  of  Saxony  the  first  narrow-gauge  local  railroad, 
with  a  0. 75  m.  gauge,  was  built  in  1881.  At  the  present  time  there  is 
a  network  of  17  narrow-gauge  lines,  282.15  km.  in  length,  equal  to 
10.54^  of  the  whole  of  the  Saxon  railroads.  The  average  cost  of  con- 
struction i3er  kilometer  of  the  standard  gauge  amounted  to  289  498 
marks;  of  the  narrow-gauge  lines,  to  73  120  marks. 

These  facts  alone,  drawn  from  my  native  country,  and  within  my 
own  experience,  ought  to  form  an  irrefragable  argument  that  the  em- 
ployment of  the  narrow  gauges,  for  secondary  and  local  railways,  as 
well  as  for  extensive  connections,  with  not  unimportant  traffic  is  both 
justifiable,  suitable  and  profitable. 

In  any  case  the  opinions  expressed  at  the  Congress  by  the  two 
technical  gentlemen  in  question  will  not  in  any  way  influence  the 
movement  in  favor  of  the  narrow  gauge  in  Europe  where  the  cry  is 
becoming  ever  louder  for  cheap  local  railroads. 

*  Austrian  currency. 
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EAILWAY  SIGNALING.— DISCUSSION  ON  PAPER 

No.  622.* 


By  George  E.  Haedy. 

Geokge  R.  Haedy,  M.  Am.  Soc.  C.  E. — It  is  worth  noticing  that 
this  is  a  very  exhaustive  paper,  and  is  so  extended  as  to  preclude  a 
detailed  discussion  of  its  many  points.  The  author  delineates  the 
various  kinds  of  signals  and  the  methods  of  using  them  in  different 
countries.  He  mentions  those  in  use  here,  but  seems  to  have  over- 
looked the  Sykes  system  of  block  signaling. 

We  are  interested  to  note  the  tendency  to  separate  the  considera- 
tions of  the  means  used  to  actuate  the  signals  from  the  engineering  of 
operation.  Invention  has  made  splendid  progress  with  the  first  part, 
but  the  scientific  analysis  of  the  second  is  still  defective.  This  may 
be  due  to  the  natural  conservatism  which  is  encountered  when  engi- 
neers presume  to  ofier  to  executive  officers  suggestions  as  to  the  busi- 
ness of  operation.  To  a  large  degree  the  introduction  of  signaling 
becomes  revolutionary. 

*  "  Railway  Sianaling."  By  G.  Keeker,  Betriebs-Director,  Imperial  Railways  of  Metz, 
Ctermany.    Tratisactions,  Vol  XXIX,  p.  491. 
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We  will  not  now  attempt  to  describe  or  classify  the  many  variant 
conceptions  of  the  use  of  signals.  Signaling  is  an  element  of  the 
operating  services,  and  in  a  twofold  capacity  may  protect  an 
obstructed  track,  or  expedite  the  speed  by  its  guarantee  of  a  clear 
track. 

We  have  seen  in  this  country,  contemporaneously  with  the  develop- 
pient  of  signaling,  the  rapid  strides  of  improvement  of  railway  plant 
and  devices.  Signaling  struggled  slowly  when  we  were  banging  our 
cars  over  the  old  stub  switches,  but  advanced  more  rapidly  when  we 
changed  to  the  high  rail  and  planed  jioints.  Rearrangement  of  yards 
and  terminals  came  with  signal  towers,  enabling  the  same  length  of 
tracks  to  answer  for  increased  number  of  train  movements. 

The  author  devotes  considerable  space  to  remarks  on  the  subject  of 
the  colors  used  in  signaling.  Speaking  of  the  German  practice,  we 
quote:  "By  this  arrangement  the  locomotive  engineer  never  jjasses  a 
red  signal."  Again  he  notes  the  experiments  of  the  Chapjae  Brothers, 
which  showed  the  visibility  of  three  kinds  of  lights,  viz. ,  white,  red 
and  green,  was  as  1,  ^,  j.  Again  he  says  :  "  Movable  glass  blades  or 
screens,  especially  if  exposed  to  the  weather,  are  easily  broken,  and 
should  this  occur  it  might  happen  *  *  *  that  an  accident  might 
result.  *  *  *  It  seems  undesirable  to  arrange  signals  in  such  a 
way  that  a  red  or  green  light  might  by  accident  be  changed  to  white." 

We  therefore  find  the  author  has  given  three  good  reasons  for  some 
modification  of  the  usual  plan  of  colors  for  signals : 

First. — The  circumstance  of  an  engine  passing  a  red  signal. 

Second. — The  existing  inversion  of  the  adaptability  of  the  lights  as 
regards  their  visibility. 

Third. — The  possible  accidental  changing  of  a  colored  signal  to 
white,  meaning  all  clear,  when  the  reverse  is  the  case. 

It  was  mainly  due  to  a  careful  consideration  of  the  first  reason  that 
the  system  of  signals  used  on  the  Boston  and  Albany  Railroad  was 
arranged.  With  regard  to  visibility  of  lights,  it  is  safer  to  extend  the 
warning  of  danger  with  the  more  perspicuous  and  use  the  one  of  lesser 
visibility  for  the  all-clear  signal ;  therefore,  the  green  light  has  been 
tried  on  some  railroads,  and  found  best  as  an  all-clear  signal.  Should 
the  green  screen  or  lens  be  accidently  removed,  the  white  light  so 
uncovered  would  not  be  likelv  to  cause  an  accident. 
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TRANSMISSION  OF  POWER  IN  OPERATING  CABLE 
RAILWAYS.— DISCUSSION  ON  PAPER  No.  623.* 


By  A.  Bkyson,  Daniel  Bontecou  and  Robekt  GiiiLHAM. 


A.  Bkyson,  M.  Am.  Soc.  C.  E.— Mr.  Gillham  is  to  be  congratulated 
on  having  given  to  the  Society  such  an  able  and  exhaustive  paper  upon 
a  subject  of  such  great  engineering  interest  and  financial  importance. 
Had  a  description  of  the  alignment  in  each  case,  however,  been  added,  or 
the  total  number  of  degrees  of  curvature  been  placed  in  another  column 
of  the  tables,  with  the  ratios  of  diameters  of  curve  pulleys  and  their 
journals,  clearer  analyses,  and,  possibly,  general  formulas  applicable 
to  nearly  all  cases  might  have  been  deduced. 

It  seems  to  the  writer  that  exception  may  properly  be  taken  to  the 
"Average  Horse-Power  j^er  Train,"  in  Table  No.  1,  as  being  somewhat 
misleading,  in  that  it  is  deduced  from  the  net  horse-power  only,  after 
deducting  that  necessary  for  operating  all  the  machinery.  This  is  not 
quite  fair  when  comparing  results  with  other  systems  of  power-trans- 
mission for  transportation  purposes.  All  the  power  generated  is  used 
somewhere  and  must  be  jaaid  for,  and,  as  the  work  actually  performed, 

*  "Transmission  of  Power  in  Operating  Cable  Eallways."  By  Robert  OiUham,  M.  Am. 
Soc.  C.  E.    Transactions,  Vol.  XXIX,  page  543. 
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with  the  entire  cost  of  doing  it,  is  the  result  which  it  is  desirable  to 
know,  each  unit  of  work  must  be  charged,  not  only  with  the  actual  net 
power  expended,  but  also  with  its  proportion  of  the  power  consumed  in 
working  up  to  it.  Were  this  view  of  the  case  taken  in  making  up  the 
last  column  in  Table  No.  1,  the  amounts  would  be  increased  about  2f 
times. 

In  the  tests  of  carrying  jDuUeys,  which  are  most  excellent  and  in- 
structive, the  result  of  comparing  Nos.  2,  4,  5,  Table  No.  2,  is  that  the 
horse-j)ower  consumed  per  1  000  ft.  of  rope  at  7.3  miles  an  hour  varies  as 
the  weights  of  pulleys  and  as  the  ratios  of  their  diameters. 

When  the  Walker  rings  are  used  it  would  be  desirable  to  know  how 
much  more  tension  is  needed  on  the  cable  for  a  given  service  than  with 
the  solid  drums.  If  the  diiference  is  great  it  might  become  a  serious  ques- 
tion on  a  line  having  long  cables,  considerable  curvature,  heavy  grades, 
and  heavy  traffic,  notwithstanding  they  overcome  some  of  the  very 
serious  objections  to  solid  drums  where  no  jjrovision  is  made  for  slip. 

As  to  the  increased  power  necessary  for  increased  speeds.  An 
investigation  of  Cables  1,  2  and  4,  of  Table  No.  6 — they  being  nearly  of 
the  same  length  and  with  little  or  no  curvature — shows  a  coefficient  of 
.03,  and  that  the  horse-power  per  linear  foot  of  cable  increases  very 
nearly  as  V^. 

This,  however,  does  not  agree  with  the  tests  mentioned  as  having 
been  made  at  the  Fifty-fifth  Street  Power  Station  of  the  Chicago  City 
Eailway,  where  "it  was  found  that,  in  order  to  drive  the  emi3ty  cables 
at  13.76  miles  per  hour,  300.6  H.  P.  was  developed,  while  to  drive 
them  at  9.65  miles  per  hour  only  required  184  H.  P." 

In  this  case  if  the  increment  were  as  V^,  the  horse-power  for  the  higher 
speed,  assuming  that  at  the  lower  speed  to  be  correct,  would  be  374.1 
H.  P.  The  aggregate  length  of  these  cables,  however,  is  59  700  ft. ; 
whereas,  in  the  other  tests  given  in  Table  No.  6,  the  longest  of  the  three 
considered  is  24  300  ft.  Can  these  tests  properly  be  compared,  and,  if  so, 
is  this  more  favorable  showing  of  the  longer  line  due  to  its  better  con- 
dition and  absence  of  curvature,  or  is  there  a  factor  of  the  increment 
proportional  in  some  way  to  length  and  weight  of  cable  and  the  driving 
machinery,  due  to  and  varying  as  V'  atmospheric  resistance  of  wheels, 
drums,  etc. 

From  the  Fifty-fifth  Street  Station  the  maximum  tension  on  cables 
during  operating  hours,  when  travel  was  at  the  maximum,  is  given  as 
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10  420  lbs.,  and  the  maximum  load  is  in  Table  No.  10  stated  to  be  167 
tons  ;  hence,  to  pull  one  ton  at  the  given  speed,  13.76  miles  an  hour, 
62.4  lbs.  was  apjjlied.  In  the  next  case,  from  the  Twenty -first  Street 
Power  Station,  the  tension  was  11  425  lbs.  and  maximum  load  924  tons, 
showing  only  12.35  lbs.  needed  to  pull  one  ton.  Such  marked  differ- 
ence maybe  due  to  various  causes;  but  as  no  explanation  is  given,  it  is 
thought  to  be  of  sufficient  importance  to  justify  a  request  for  further 
enlightenment. 

It  would  also  be  interesting  to  study  the  practical  results  as  given 
in  the  tests  of  power  absorbed  on  curves,  but  as  only  the  cable  speed 
is  stated,  and  no  mention  is  made  of  the  other  necessary  data,  maxi- 
mum tension  on  cable,  and  diameter  of  pulleys  and  journals,  no 
calculations  can  be  made. 

It  is  to  be  hoped  that  Mr.  Gillham  will  be  able  to  supplement  his 
valuable  paper  with  the  data  suggested  prior  to  its  publication  in  the 
Society's  Transactions. 

Daniel  Bontecou,  M.  Am.  Soc.  C.  E. — There  have  been  so  few 
precise  records  made  of  the  details  of  cable  railway  power  trans- 
mission, that  Mr.  Gillham's  tables  form  a  valuable  addition  to  the  stock 
of  current  information. 

It  is  not  laracticable,  with  certainty,  to  analyze  the  resistances  of 
machinery  and  cables  in  great  detail,  but  the  friction  of  all  the  ma- 
chinery with  the  cables  oflf  the  drums  may  be  assumed  without 
material  error,  at  10%  of  the  total  average  power  required,  or,  say, 
5  H.  P.  per  unit  of  rope,  and  the  power  required  by  the  unloaded 
cables  can  be  determined  with  reasonable  accuracy. 

Table  No.  5  of  the  paper  seems  to  me  somewhat  misleading  in  pur- 
porting to  show  that  under  any  jirobable  conditions  the  brake  action 
of  the  Cleveland  friction  clutches  could  be  so  much.  It  is  evident 
from  the  conditions  stated  that  the  total  of  802  H.  P.  includes  the 
engine  and  line  shaft  friction  5  times  and  the  friction  of  one  clutch  12 
times.  While  on  the  other  hand  it  is  difficult  to  understand  why,  if 
the  total  machinery  and  rope  friction  was  actually  476  H.  P. ,  the  total 
power  with  64  cars  on  the  line  could  have  been  as  low  as  509  H.  P. , 
plus  resistance  of  rope  drums. 

A  test  made  of  the  new  plant  of  the  Washington  and  Georgetown 
Company  showed  that  the  friction  of  three  Weston-Capen  clutches  on 
the  driving  pinions  amounted  to  29  H.  P. 
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The  figures  given  in  tlie  tables  for  resistances  of  cables  are  rather 
higher  than  should  be  realized  with  good  details  and  maintenance, 
with  the  exception  of  the  main  line  of  the  Kansas  City  Cable  Com- 
pany which  has  22-in.  pulleys  and  a  7-mile  speed ;  and  it  is  interesting 
to  note  that  the  horse-power  for  the  ropes  of  that  company  seems  to  vary 
about  inversely  as  the  diameter  of  the  pulleys. 

The  figures  given  for  the  rope  resistances  of  the  Chicago  City  line, 
about  34  H.  P.  per  mile  of  single  and  probably  straight  track,  are 
especially  excessive,  the  large  friction  in  this  case  being  possibly 
due  to  heavy  and  badly  balanced  pulleys,  and  in  some  degree  to  the 
speed. 

In  designing  the  Washington  plants  it  was  assumed  that  the  resist- 
ances due  to  ropes  on  14-in.  pulleys,  and  at  a  speed  of  nine  miles  per 
hour,  would  be  7  H.  P.  per  mile  of  straight  single  track  (0.00132  H.  P. 
per  foot  of  rope)  and  1  H.  P.  for  14°  of  single-track  deflection.  These 
figures  proved  to  be  2^%  under  the  truth  as  developed  by  indicator 
tests,  and  included  friction  due  to  all  deflections  of  the  ropes, 
other  than  those  at  the  curves.  These  tests,  in  the  case  of  the  new 
plant  which  drives  three  ropes,  were  made  by  first  indicating  the 
total  friction  of  machinery  and  cables,  then  indicating  the  friction  with 
the  various  ropes  thrown  off  the  drums,  but  without  throwing  off  the 
clutches,  a  method  which  probably  gives  more  precise  results  than 
any  other. 

Mr.  Gillham's  figures  seem  to  confirm  the  fact  that  the  resistances 
of  ropes  increase  with  higher  speeds,  but  in  a  slightly  higher  propor- 
tion than  that  of  the  speeds. 

A  table  which  I  have  prepared  gives  reliable  details  of  cable  rail- 
way work  which  may  be  of  interest  in  adding  to  those  already  pre- 
sented in  the  paper  (see  page  552). 

The  power  per  car  as  given  by  averages  deduced  from  indicator 
cards  is  usually  misleading  in  failing  to  throw  any  light  on  the  max- 
imum requirements. 

This  average  for  a  standard  four-wheel  car  and  average  load  is 
about  2|-  H.  P. ;  but  even  in  the  latitude  of  Washington  a  resistance  of  at 
least  8  H.  P.  per  car  must  be  anticipated  and  in  some  way  provided  for, 
and,  when  questions  of  heavy  grade  are  involved,  it  should  be  remem- 
bered, for  instance,  that  a  loaded  car  on  a  lOjJ^  grade  calls  for  about 
25  H.  P.     In  this  connection  I  would  suggest  that  the  determination 
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of  the  size  of  engines  for  a  cable  road  demands  very  careful  judgment 
in  order  to  insure  enough  power  when  needed  and  to  avoid  running 
with  an  under  load  during  a  large  jjortion  of  the  time. 

Recent  practice  seems  to  have  settled  on  driving  the  drums  directly 
from  the  main  shaft  and  with  2-in.  rope  slings,  although  a  number  of 
plants  have  been  installed  on  the  Pacific  Coast  driven  by  a  continuous 
rope.  The  freedom  from  noise,  vibration,  breakages  due  to  sudden 
strains  and  back-lash,  all  of  which  have  proved  serious  objections  to 
gears,  are  very  decided  advantages  on  the  side  of  the  rope-di'ives,  and 
may  be  considered  as  essential  ones  in  a  city  power-house. 

I  think  Mr.  Gillham  rests  under  a  misconcej)tiou  in  regard  to  jiri- 
ority  in  curve  construction,  and,  in  fairness  to  the  group  of  ingenious 
men  who  worked  out  the  details  of  the  first  San  Francisco  roads,  will 
state  that,  while  the  Kansas  City  Cable  Company's  line  was  not 
operated  until  1885,  the  Sutter  Street  Road,  which  was  converted  into  a 
cable  road  in  1876,  had  two  right-angle  horizontal  curves  in  which  the 
main  rope  was  run  on  20-in.  pulleys  with  details  very  similar  in  jarin- 
ciple  to  those  in  common  use  now.  And  before  1884  the  MacAlUster 
Street  main  rope  was  operated  around  four  horizontal  curves  of  about 
45-  each.  It  would,  however,  probably  be  correct  to  say  that  the 
Kansas  City  case  was  the  first  application  of  Miller's  diiplicate  rojje 
system  to  a  curved  line. 

I  notice  that  Mr.  Gillham  states  that  the  rings  of  the  Walker  drums 
of  the  Cleveland  plant  allow  equalization  of  stress  in  the  cable,  and 
would  be  glad  to  know  if  we  are  to  Understand  that  that  fact  has  been 
determined  with  precision  in  any  way. 

I  have  used  the  Walker  drums,  and  believe,  as  do  many  others, 
that  they  probably  have  many  advantages  over  a  solid  cast-iron  drum. 
I  know  that  the  rings  move  relatively  to  each  other  under  the  condi- 
tions of  actual  wox'k,  and  that  I  could  not  find  that  there  was  any 
appreciable  wear  on  the  rings  of  the  Seventh  Street  plant  at  Washing- 
ton after  a  year's  use;  but  I  have  never  been  satisfied  that  the  rings 
were  so  sensitive,  and  accommodated  themselves  to  the  strain  so  regu- 
larly as  to  equalize  the  rope  strain  to  an  appreciable  degree.  Of  course 
this  is  purely  an  empirical  matter,  and  any  precise  information  would 
be  of  interest.  If  the  friction  on  the  seat  of  the  rings  under  the  usual 
conditions  of  lubrication  is  enough  less  than  the  friction  of  the  rope 
in  the  grooves  of  the  ring,  to  invariably  cause  the  ring  and  not  the 
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rope  to  slip  under  small  variations  of  power,  then  the  equalization  of 
strain  would  occur  and  would  be  evidenced  by  absence  of  wear  in  the 
groo^■e.  This  is  the  only  kind  of  determination  which  occurs  to  me  as 
practicable. 

Better  information  about  the  relation  to  the  resistance  of  the  num- 
ber of  wraps  on  the  drums,  and  also  about  the  size  of  drums  and  the 
limit  of  operation  with  one  driim  only  driven,  is  mvich  to  be  desired. 

A  very  interesting  paper  on  "Cable  Railway  Propulsion,"  read 
by  Mr.  W.  W.  Hanscom  before  the  Technical  Society  of  the  Pacific 
Coast,  in  1884,  analyzed  the  results  of  operation  of  the  first  seven  San 
Francisco  roads,  and  deduced  the  conclusion  that  their  maximum 
possible  efficiency  with  cars  1  000  ft.  apart  was  50  per  cent.  A  com- 
parison of  the  best  of  these  lines  with  the  best  lines  of  recent  con- 
struction indicates  that  the  possible  efficiency  may  now  be  placed  at  a 
higher  percentage. 

EoBEET  GiiiLHAM,  M.  Am.  Soc.  C.  E. — I  regret  that  I  am  compelled 
to  discuss  or  reply  to  discussions  of  the  paper,  "Transmission  of 
Power  in  Operating  Cable  Railways,"  here  in  New  York,  for  the 
reason  that  all  the  data  relating  to  the  subject  are  in  my  Kansas  City 
office.  I  will,  however,  add  a  few  explanations  to  what  has  already 
been  written  regarding  the  subject.  I  fully  appreciate  the  fact  that 
many  additional  items  could  have  been  incorporated  in  the  paper  that 
would  have  added  much  to  its  general  interest  and  value;  but,  at  the 
same  time,  for  many  reasons,  it  was  desirable  to  limit  the  scope  of  the 
paper. 

With  reference  to  the  suggestions  made  by  Mr.  Bryson,  I  may  say 
that  the  degrees  of  curvature,  diameter  of  curve  pulleys  and  their 
journals,  without  complete  details  illustrating  the  design  of  curves, 
curve  pulleys  and  their  journals,  would  not  be  of  as  great  value  as 
might  at  first  appear.  The  tables  would  certainly  appear  more  com- 
l^lete  with  this  information  added,  but  there  would  still  remain  the 
uecessity  for  explanations. 

In  a  few  cases  on  curves,  the  curve  pulleys  are  removed  and  the 
cable  conducted  around  large  12-ft.  sheaves  in  vaults  beneath  the 
tracks.  This  method  is  resorted  to  for  the  jjurpose  of  prolonging  the 
life  of  the  cable,  and  also  to  reduce  cable  friction,  and  is  introduced 
usually  on  level  curves,  also  in  curves  having  descending  grades  in  di- 
I'eetion  of  street-car  traffic,  where  the  ordinary  street  traffic  will  admit. 
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The  cars  pass  the  curves  in  the  first  instance  by  momentum,  and 
in  the  second  by  gravity.  Two  cases  of  single-gravity  curves  may  be 
found  on  the  Washington  Street  line,  Kansas  City,  and  one  double- 
track  momentum  curve  on  the  West  Denver  line,  Denver,  Colo.  In 
the  last  case  here  given,  cars  release  the  cable  on  entry  to  curve,  and 
pass  around  the  same  by  the  acquired  momentum  of  cars.  The  curve 
pulleys,  as  has  been  stated,  are  entirely  removed,  and  the  cable  con- 
ducted around  two  large  12-ft.  sheaves  placed  below  the  street,  close 
to  the  intersection  of  tangents  of  each  track. 

The  Denver  curve  pulleys  were  designed  interchangeable,  and  are 
in  all  respects  aUke. 

TABLE  A. 
Curve    Pulleys. 


Name  of  Road. 

Diameter 
of  pulleys. 

Weight 
of  pulley. 

Diameter 
of  journal. 

Remarks. 

Denver  City  Cable  Railway . . . 
Clevela'nd  City  Cable  Railway. 

Kansas  City  Cable  Railway. . . 

Inches. 
15 

39 
(34 
J  34 
]  23 
134 

Pounds. 
108 

337 
415 
415 
240 
415 

Inches. 

Hi 
Hi 

11 

Diameters     are     given 
from  bottom  of  groove. 

Main  Line. 

Independence  Avenue. 
Summit  Street. 
Eist  9th  Street. 

The  average  horse-power  given  in  Table  No.  1  relates  entirely  to 
the  power  required  to  move  trains  above  and  in  addition  to  that 
required  for  machinery  and  cable  friction,  and  was  arranged  in  this 
form  in  order  to  separate  the  power-absorbing  elements  in  cable  opera- 
tion. In  the  use  of  Walker  rings  on  driving  drums,  it  does  not  appear 
that  very  much  additional,  if  any,  tension  weight  is  necessary,  com- 
pared with  solid  driving  drums,  conditions  being  equal. 

The  horse-power  per  linear  foot  of  cable  as  given  in  Table  No.  6 
for  Cables  Nos.  1,  2  and  4  increases,  it  is  true,  very  nearly  as  F-,  but 
this  fact  should  not  be  made  an  absolute  basis  of  comparison  with 
power  tests  for  cable  friction  on  other  lines,  for  the  reason  that  local 
line  conditions  vary  greatly  and  are  very  rarely  alike  save  in  the  matter 
of  cable  length.  Cable  No.  1,  Table  No.  6,  has  a  slight  curve,  the 
degrees  I  cannot  now  recall;  but  this  curve  requires  six  curve  pulleys. 
Again,  on  one  portion  of  this  line,  the  route  passes  through  an  unusual 
depression,  making  it   almost   necessary   to   use   depression  pulleys. 
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Cable  No.  2,  Table  No.  6,  has  also  a  slight  curve,  requiring  four  curve 
pulleys,  and  in  addition  operates  the  auxiliary  machinery,  which  in 
turn  drives  the  Water  Street  loop. 

Cable  No.  4,  Table  No.  6,  has  no  curves,  but  is  required  to  pass  from 
power  station  to  front  vault,  around  two  sheaves;  thence  to  Kirtland 
Street,  around  two  sheaves;  thence  through  a  blind  conduit,  about 
^  mile,  to  the  Payne  Avenue  line,  where  it  again  passes  around  two 
vault  sheaves.  In  this  ease  we  have  the  cable  passing  half  around  six 
extra  sheaves  not  found  necessary  in  the  other  cables. 

Thus  the  statement  in  remarks  of  Table  No.  6  to  the  effect  that  there 
were  "practically  no  curves"  is  a  little  misleading  when  the  data 
given  is  used  in  comparisons  similar  to  that  made  by  Mr.  Bryson. 
The  conditions  associated  with  the  operation  of  each  of  the  above 
cables  vary  greatly. 

The  tests  in  Table  No.  6  cannot  be  properly  compared  with  the  test 
at  the  Fifty-fifth  Street  power  station,  Chicago  City  Railway,  for 
the  reason  that  the  conditions  are  widely  different.  The  cables  tested 
at  Fifty-fifth  Street  are  straight,  having  no  curves  or  depressions  of 
any  kind,  and  only  two  vault  sheaves  each,  except  the  Hyde  Park  loop 
on  Fifty-fifth  Street  rope. 

With  regard  to  the  difference  in  laower  required  per  ton  of  load  as 
developed  in  the  Chicago  tests,  I  have  not  the  data  at  hand  to  make 
further  statements  on  this  question. 

Mr.  Bontecou,  in  discussing  the  paper,  seems  unable  to  understand 
why  the  brake  action  in  the  Cleveland  clutch  test  should  have  been  so 
great.  The  subject-matter  on  page  556  (Vol.  XXIX)  of  the  paper 
describes  the  causes  of  this  excessive  brake  action,  but  perhaps  the 
statement  is  not  quite  as  clear  as  it  should  have  been.  I  will,  there- 
fore, make  a  further  explanation  of  this  test,  that  it  may  appear 
cleaj-er  and  be  better  understood.  Mr.  Bontecou's  test  of  brake  action 
of  Weston-Capen  clutches  in  Washington  agrees  quite  closely  with 
similar  tests  made  by  the  writer  with  clutches  of  this  design  that  were 
in  ordinarily  good  adjustment  and  repair,  but  the  point  in  the  Cleve- 
land case  is  one  that  embraces  the  question  of  design  in  important 
details,  which  details  are  radically  different  from  those  involved  in 
the  Washington,  Denver  or  Kansas  City  clutches. 

The  Cleveland  clutches  were  designed  by  the  manufacturer,  and 
placed  on  the  machinery  as  Weston-Capen  clutches.     The  fact  is,  they 
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fully  covered  the  principle  upon  which  this  clutch  is  designed,  except 
in  the  method  of  forcing  the  friction  plates  together.  Instead  of  using 
the  usual  toggle  principle,  for  the  purpose  of  throwing  the  circular 
steel  i^lates,  in  the  sleeve  of  the  clutch  pinion,  in  contact  with  the 
circular  steel  plates,  attached  to  and  which  rotate  with  the  main  shaft, 
the  wedge  principle  was  used,  differing  very  materially  from  the  well- 
known  toggle.  The  use  of  a  movable  wedge  for  the  purpose  of  forcing 
the  clutch  plates  together  resulted,  in  this  case,  in  reducing  the 
horizontal  movement  of  the  movable  jilates  more  than  one-half.  In 
the  clutch  in  question,  the  horizontal  movement  was  entirely  too 
slight,  and,  with  the  lost  motion  in  the  clutch  lever  and  connections, 
the  clutch  plates  were  more  frequently  left  in  contact  with  each  other 
than  out  of  contact,  even  though  the  clutch  lever  was  thrown  entirely 
out. 

On  more  than  one  occasion  Avhen  the  clutch  lever  was  thrown  out 
entirely,  and  the  plates  should  have  been  out  of  contact  with  each 
other,  they  remained  in  contact  sufficiently  to  continue  propelling  the 
cable.  It  was  this  condition  of  affairs  that  was  determined  in  the 
test  indicated  by  Table  No.  5  in  the  original  pajjer,  and  which  fully 
accounts  for  the  brake  action  of  292.47  H.  P. 

The  details  in  the  clutches  were  afterwards  changed,  additional 
horizontal  movement  of  plates  secured,  resulting  in  minimum  clutch 
friction,  and  the  correction  of  the  difficulty  noted. 

The  results  given  in  the  paper,  relating  to  and  indicating  the  power 
required  to  propel  cables,  may,  as  Mr.  Bontecou  suggests,  seem  in  some 
cases  a  little  high,  which  is  not  chargeable  to  defective  designs  in  road 
machinery,  but  may,  to  a  great  extent,  be  due  to  varying  conditions 
and  indifferent  maintenance  of  road  machinery.  None  of  the  railways 
where  tests  were  made  were  on  dress  parade. 

Mr.  Bontecou  has-  submitted  very  valuable  and  interesting  data 
relating  to  other  cable  railways,  for  which  it  is  claimed  most  excellent 
results  are  secui'ed,  and  this  leads  him  to  remark,  with  reference  to  the 
power  required  to  overcome  cable  friction  on  the  railways  reported  in 
the  original  paper,  that  the  cable  friction  "is  rather  higher  than 
should  be  realized  with  good  details  and  maintenance." 

Comparing  the  data  presented  by  Mr.  Bontecou  from  cable  rail- 
ways with  which  he,  as  designing  engineer,  was  associated,  with  those 
referred  to  in  the  original  paper,  possesses  interest. 
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TABLE   B. 

IlIjUSTkating  the  Average  Horse-Power  Required  per  Linear  Foot 
TO  Overcome  Cable  Friction,  the  Average  Speed  of  Cables, 
AND  the  Total  Lengths  of  Cables,  in  the  Railways  in  the 
Various  Cities  in  which  Tests  Have  Been  Made  (Not  Including 
Machine  Friction). 


Location  of  Railways. 


Average 

rope 
friciion, 

horse- 
power per 
linear 
foot. 


Average 

speed, 

miles  per 

hour. 


Total 

cable 

length  in 

feet  OQ 
lines 

tested. 


Kansas  City,  Mo. — 

Walnut  Stre-t  Liue (B.) 

Fifteenth  Street  Line....(B.) 
Westport  Street  Line (B.) 

All  lines.  Grand  Avenue  Sys- 
tem, Kansas  City (B.) 

Allline8,Washington,  D.  C.(B.i 

Seventh  Street,  Washington 
D.  C (B.) 

All  lines,  Kansas  City  Cable 
Riilway .^...(G.) 

Main  Line,  Kansas  City  Cable 
Railway (G.) 

Washington  Street  Line,  Kan- 
sas City  Cable  Railway..  .(G.) 

All  lines,  Cleveland,  O (G.) 

West  Payne  Avenue,  Cleve- 
land, O (G.) 

All  lines,  Denver,  Colo (G.) 

All  lines,  Chicago,  111 (G.) 


.0070  9.16 

.0066         10.08 


.0028 

.00124 

.0031 
.0017 


8.5 

9.0 

8.7 
7.3 


.700^ 


119  910 


33  000  ^ 


94  132 

22  000 

23  759 
105  400 


This  is  the  highest  cable  fric- 
tion reported.  For  degrees 
of  curvature,  see  table  by 
Mr.  Bontecou 


Seventh  Street  cable  is  most 
favorably  located, and  has  no 
right-angle  curves,  and  is 
practically  straight. 


Two  double  right-angle  curves 

One  double  and  one  single 
right-angle  curve;  one  single 
gravity  curve. 

Five    double    right-angle 
curves. 

No  curves. 

Five  double  r'ght-angle:  two, 
45°;  one,  30';  one,  20°;  one, 
25°.  Oue  double  momen- 
tum curve. 


Note. — The  lines  marked  with  "B"  are  from  Mr.  Bontecou 's  table,  and  those  marked 
"  G  "  from  Mr.  Gillham's  tables.  The  speed  for  Washington  Street  cable  was  noted  in  original 
tables  as  8  miles  per  hour;  it  should  have  been  12  miles. 

I  am  very  pleased  to  accept  the  correction  made  by  Mr.  Bontecou, 
with  reference  to  the  date  and  place  where  main  cables  were  first 
ojjerated  around  right-angle  curves.  The  San  Francisco  engineers 
have  not  received  the  full  share  of  credit  due  them,  and  I  regi-et  that 
this  error  occurred  in  the  paper. 

I  should  have  stated  that  the  Walker  rings  "  tend  "  to  equalize  the 
stress  on  the  rope  in  passing  around  the  driving  drums,  as  I  did  not 
intend  to  make  the  broad  statement  that  the  rings  "equalize  the  stress 
on  the  rope."  The  fact  that  the  rings  usually  change  their  relative 
positions  to  each  other  indicates  the  absence  of  rope  slip,  and  the  ab- 
sence of  wear  iu  grooves  of  rings  tends  to  indicate  equalization  of  stress. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     185  2. 


TH^NS^OTIONS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced 
in  any  of  its  publications. 


669. 

(Vol.  XXX.— December,  1893.) 


THE    CONTINUOUS    SUPERSTRUCTURE    OF    THE 

MEMPHIS  BRIDGE.— DISCUSSION 

ON  PAPER  No.  624.* 


By  Geokge  H.  Thomson,  Henry  GoiiDJiARK,  Sir  Benjamin  Baker. 
EoBEET  MooKE,  Charles  MACDONAiiD,  George  S.  Moeison  and 
Alfred  D.  OxxEWEiiL. 


George  H.  Thomson,  M.  Am.  See.  C.  E.— The  author  calls  attention 
to  a  matter  which  is  often  overlooked  in  competitive  design,  that  of 
"rigidity"  of  structure.  There  is  in  the  railroad  truss  bridge  speci- 
fication generally  a  lack  of  jDrovision  for  rigidity,  jsrobably  on  account 
of  the  lack  of  a  full  and  complete  formulation  of  a  theory  regarding 
rigidity  of  structure,  or,  as  I  term  it,  "sti'uctural  motion."  I  regret 
very  much  that  Mr.  Morison  has  not  laid  before  us  his  ideas  regarding 
"structural  motion."  It  would  seem  that  at  present  our  competitive 
designs  for  railroad  bridges,  constructed  by  the  usual  specifications, 
are  very  defective;  there  is  no  regard  for  "structural  motion"  what- 
ever. In  recent  designs  for  railroad  bridges  I  generally  design  with  a 
provision  for  "  structural  motion. "     While  truss  bridges  for  railroads 

*"The  Continuous  Superstructuie  of  the  Memphis  Bridge."  By  George  S.  Morison, 
M.  Am.  Soo.  C.  E.     Transactions,  Vol.  XXIX,  page  573. 
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erected  in  the  State  of  New  York  must  fulfill  certain  requirements  of 
the  railroad  commission,  so  that  all  parts  of  structures  must  be  within 
certain  limits  laid  down  by  that  commission,  there  is  no  objection  to 
making  some  of  these  jjarts heavier  to  provide  for  "structural  motion." 
I  would  like  to  have  Mr.  Morison  say  something  about  this  subject. 

Wm.  Metcalf,  Pres.  Am.  Soc.  C.  E. — Are  there  any  further  re- 
marks? It  is  hoped  that  members  will  at  least  ask  questions  and  start 
up  some  kind  of  a  disciission  of  these  papers  which  the  authors  have 
taken  so  much  trouble  to  j^resent. 

Mr.  Thomson. — Mr.  Morison  is  very  willing,  but  he  wants  some  of  us 
to  lead  him  out.  He  could  first  define  what  is  meant  by  "  structural 
motion,"  or,  as  he  might  term  it,  "vibration,"  a  word  which  has  a 
different  meaning  in  different  countries,  but  taking  the  ordinary  term, 
"rigidity,"  as  used  by  engineers,  I  think  if  he  would  give  us  five 
minutes  on  that  subject  we  would  all  appreciate  it.  He  says  here,  "it 
is  iJossible  to  design  a  structure  in  which  no  metal  under  any  ordinary 
supi)Ositiou  will  be  overstrained,  and  yet  without  such  overstrain 
vibrations  can  exist  which  would  be  utterly  inadmissible."  I  think 
some  of  us  could  design  a  structure  that  would  meet  cui'rent  require- 
ments, but  that  would  be  so  full  of  "  vibi-ation  "  that  it  would  be 
merely  a  qiiestion  of  a  decade  or  two  as  to  its  endurance.  I  know  a 
bridge  of  150-ft.  span  that  has  been  visibly  overstrained  in  one  year, 
and  another  of  125-ft.  span  that  did  not  withstand  it  so  long.  The  use 
of  steel  with  punched  holes  may  have  something  to  do  with  the  cause 
of  failure  of  these  bridges,  but  the  bridges  were  too  full  of  motion.  It 
would  seem  to  me  that  if  these  structures  have  much  of  motion,  it  does 
not  make  much  difference  whether  the  iron  is  sustaining  6  000  or  8  000 
to  10  000  lbs.  per  square  inch,  they  will  not  endure;  but  if  the  structure 
has  "  rigidity,"  a  mere  matter  of  15  000  to  20  000  lbs.  per  square  inch 
will  not  make  so  much  difference;  it  may  endure  for  years. 

Henky  Goldmark,  M.  Am.  Soc.  C.  E. — Having  witnessed  the  tests 
to  which  the  Memphis  Bridge  was  subjected  at  its  formal  opening,  I 
am  glad  to  Ijear  witness  to  the  remarkable  rigidity  manifested  by  this 
great  structure. 

Considering  the  fact  that  two  of  the  spans  are  of  cantilever  con- 
struction, the  deflections  under  the  heavy  test  train  were  very  moder- 
ate, indicating  excellent  workmanship,  with  very  little  play  in  the 
connections  of  the  different  i:)art8. 
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There  Avas  also  only  a  slight  vibratiou  in  any  of  the  sei^arate  mem- 
bers, even  AVhen  the  train  moved  over  the  bridge  at  a  speed  of  30  miles 
per  hour.  Under  these  conditions,  there  can  be  no  doubt  that  the  ma- 
terial in  each  member  is  utilized  to  the  best  advantage,  and  for  consid- 
erable lengths  of  span  the  American  system  of  pin  connection  fully 
maintains  its  position. 

Having  personally  examined,  in  the  field,  during  the  past  10  years, 
many  hundreds  of  railroad  bridges,  I  have  had  ample  proof  that  for 
bridges  of  more  moderate  span  our  ordinary  methods  of  construction 
have,  in  the  past,  been  very  faulty.  The  light  pin  bridges,  universal 
a  decade  ago,  with  suspended  floor  systems  and  pin-jointed  lateral  and 
sway  rods,  have  not  proved  equal  to  the  demands  made  upon  them. 

It  is  true  that  train-loads  have  been  much  increased,  but  even  under 
light  loads  I  have  f-ound  the  wear  of  the  loose-jointed  parts  to  be  very 
excessive.  In  the  floor  system,  riveted  attachments  have,  of  late,  be- 
come almost  universal,  and  it  is  only  a  question  of  a  few  years  before 
the  connections  of  the  truss  members  will  be  made  by  means  of  rivets 
in  railroad  bridges  under  175  ft.  in  length.  For  lengths  of  100  to  115 
ft. ,  this  23ractice  is  even  now  quite  general,  and  I  believe  with  excellent 
results. 

I  have  built  several  spans  of  120  ft. ,  with  riveted  joints,  which  do  not 
deflect  over  ^  in.  under  50-ton  engines,  and  are  almost  free  from  vibra- 
tion in  any  member.  I  am  quite  sure  that  this  is  a  better  result  than 
is  usually  obtained  in  through  pin-connected  spans. 

While  the  calculation  of  the  strains  in  lattice  trusses  is  apparently 
less  correct  and  certain  than  where  pins  are  used,  there  can,  I  think, 
be  little  doubt  that,  for  short,  and,  consequently,  light,  bridges,  the 
"  strain  sheet  "  does  not,  by  any  means,  fully  indicate  the  work  which 
the  metal  has  to  do. 

Where  experience,  points  so  clearly  as  it  does  in  this  matter,  it  is 
very  important  to  revise  our  views  on  this  exceedingly  practical  subject. 

Sir  Benjamin  Baker,  Vice-President  M.  I.  C.  E. — -Engineers  under- 
stand that  the  strain  sheet  is  not  always  a  guide  as  to  the  effect  of 
the  vibratory  strains  on  different  parts  of  the  bridge.  I  have  had  an 
opportunity  of  studying  that  in  some  detail  during  the  last  year,  as  I 
was  called  upon  to  rebuild  a  great  many  wrought-iron  bridges  which 
had  been  in  existence  about  40  years,  and  in  jDulling  down  the  old 
bridges  it  was  possible  to  see  where  the  work  really  suffered  from  undue 
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stress.  I  found  apijearances  of  greatest  wear  where  nobody  would 
have  anticipated  if  guided  by  the  strain  sheet  alone.  Thus  the  attach- 
ment of  the  trough  flooring  to  the  webs  of  the  main  girders  is  a  part 
that  is  liable  to  suffer.  In  the  calculations  it  is  usually  assumed  that 
the  trough  flooring  simply  rests  on  the  bottom  of  the  flange.  It  is 
found  best,  however,  to  provide  for  what  you  may  call  the  contrary 
flexure  at  the  connection  of  the  floor  and  girder  and  make  a  liberal  al- 
lowance for  it  in  rivet  area.  I  have  seen  web  plates  entirely  cut 
through  with  the  continual  wriggling  at  that  point.  The  members  of 
a  bridge  are  often  subject  to  secondary  stresses  reaching  the  limit  of 
elasticity,  and  wear  and  tear  occurs,  although  the  calculated  strains 
would  be  much  lower  than  would  account  for  the  facts  observed. 

The  loosening  of  rivets,  also,  in  certain  places  is  another  defect 
observed  in  old  bridges,  and  I  found  that  to  avoid  the  same,  different 
attachments  and  riveting  to  those  indicated  by  calculations  are  ad- 
visable in  many  case  s. 

Then  there  is  a  very  important  i^oint  which  of  course  is  habitually 
ignored  in  all  calculations,  that  is,  the  initial  strains  which  you  get  in 
bridge  members,  according  to  the  form  of  cross-section.  You  straighten 
cold  entire  i^lates  and  bars,  and  in  doing  that  I  have  found,  by  cutting 
the  parts  to  pieces  and  seeing  the  changes  which  follow  relief  of  in- 
ternal stress,  that  in  many  cases  you  get  varying  stresses  throughout 
the  member  quite  up  to  the  elastic  limit,  and  I  believe  that  in  many 
cases  so-called  mysterious  fracture  arises  from  this,  because,  while  you 
may  nominally  have  10  000  lbs.  per  square  inch,  you  have  really  got 
stresses  running  from  perhaps  20  000  to  25  000  lbs.  per  square  inch  dur- 
ing the  passage  of  a  train  on  portions  of  the  cross-section. 

I  have  in  some  cases  seen  evidences  of  a  fracture  beginning  in  the 
middle  thickness  of  the  metal  quite  out  of  sight,  and  constituting, 
therefore,  a  perfectly  inexplicable  failure,  as  bit  by  bit,  perhaps  a 
thousandth  of  an  inch  at  a  time,  the  fi'actiire  woiild  grow  until  it  ex- 
tended through  the  whole  section  of  the  bar. 

RoBEBT  MooBE,  M.  Am.  Soc.  C.  E. — There  is  one  thing  in  the  design 
of  the  Memphis  Bridge  which  appears  to  me  to  be  of  very  special 
merit ;  that  is,  the  design  of  the  rollers  which  are  placed  under  the 
span.  This  is  one  of  the  earliest,  if  not  the  earliest,  structures  in  this 
country  in  which  rollers  of  that  design  have  been  adopted.  It  is  a 
design  which  ought  to  be  very  much  more  generally  adojjted  than  it 
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has  been.  It  is  probably  within  the  experience  of  many  members  who 
have  had  occasion  to  observe  the  action  of  existing  structures,  of  old 
structures,  in  which  corrosion  has  begun  and  in  which  the  accumula- 
tion of  dirt  about  the  rollers  has  taken  place,  that  the  small  rollers 
usually  placed  under  bridge  spans  do  not  roll.  They  become  fast  and 
bring  upon  the  masonry  and  the  structure  itself  stresses  which  are  very 
great.  I  have  recently  had  occasion  to  notice  a  case  of  this  kind  where 
the  refusal  of  the  rollers  under  two  heavy  spans  has  initiated  a  sejoa- 
ration  of  the  stones  of  the  coping.  I  think  that  engineers  generally 
will  do  well  to  take  notice  of  this  fact  and  provide  for  it  very  much 
as  Mr.  Morisou  has  done  by  using  sections  of  cylinders  of  larger 
diameter. 

Charles  Macdonald,  M.  Am.  Soc.  C.  E. — ^There  is  a  question  in- 
volved in  this  bridge  which  is  of  especial  interest  to  the  manufacturer, 
but  which  should  also  receive  the  attentive  consideration  of  designers 
of  long-si^an  bridges.  I  refer  to  the  difficulty  of  handling  the  cumber- 
some masses  which  are  required  for  completing  individual  members  or 
sections  of  the  trusses.  In  this  regard  the  Memphis  Bridge  would  apj)ear 
to  have  reached,  if  it  has  not  exceeded,  the  limit  of  span  in  which  the 
purely  pin-connected  method  of  construction  is  available.  Take,  for 
example,  a  section  of  bottom  chord  at  the  end  panels.  This  is  de- 
signed to  resist  tension  and  compression.  It  is  composed  of  two  ver- 
tical members  connected  by  horizontal  latticing  above  and  below. 
Now,  no  matter  how  carefully  the  work  of  assembling  and  fitting  may 
be  done  in  the  shops,  there  comes  a  difficulty,  in  transporting  the  com- 
pleted member  to  the  bridge  site  and  erecting  it  in  place,  which  is  in- 
separable from  the  design. 

In  turning  over  such  heavy  masses  distortion  is  almost  certain  to 
result.  Pin  holes  which  have  been  bored  perfectly  fair  and  at  right 
angles  to  the  vertical  sides  will  be  found  out  of  line  when  the  time 
comes  to  drive  the  erecting  pins,  owing  to  the  impracticability  of  fixing 
such  heavy  masses  by  lattice  plates. 

Other  instances  of  a  similar  character  might  be  given,  but  this  will 
suffice  to  call  attention  to  the  subject,  an  attentive  consideration  or 
which  may  lead  to  the  conclusion  that  a  combination  of  the  European 
practice  of  riveting  with  the  pin-connected  method  familiar  in  the 
United  States  will  be  found  to  be  the  true  line  of  development  for  long 
spans. 
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George  S.  Morison,  M.  Am.  Soc  C.  E. — The  principal  feature 
which  has  been  brought  out  in  this  discussion  has  been  the  question 
of  rigidity.  There  are  two  sources  of  motion  in  a  bridge  under  strain, 
one  perfectly  legitimate,  and  one  which  should  be  avoided  in  every 
possible  way.  The  legitimate  source  of  motion  is  the  change  of  length 
of  metal  due  to  strain.  The  illegitimate  source  is  the  lost  motion 
which  occurs  in  details,  and  I  believe  that  more  harm  is  done  to  bridges 
by  vibration  due  to  this  lost  motion  than  comes  from  every  other 
.source.  Two  or  three  years  ago  a  bridge  across  the  Mississippi  River 
at  Burlington,  which  would  now  be  condemned  absolutely  for  its 
details,  but  which  was  fairly  considered  a  good  design  at  the  time  it 
was  made,  was  taken  down.  It  had  cast-iron  toi3  chords  and  post  feet, 
but  the  only  place  where  abnormal  wear  was  shown  was  on  the  pins 
near  the  ends  where  the  counters,  which  theoretically  should  not  have 
existed,  took  hold  of  the  pins;  there  the  wear  was  very  great.  It  was 
with  a  view  to  avoid  lost  motion  in  details  that  some  of  the  heavy 
details  of  the  Memphis  Bridge,  described  in  this  paper,  were  intro- 
dticed,  and  I  believe  that  any  one  who  has  been  on  that  bridge  during 
the  passage  of  a  train  will  recognize  that  it  is  about  as  stiff  cantilever 
construction  as  can  be  found.  Of  course  it  is  not  as  stiff  as  a  very 
much  larger  structure  could  be  made,  but  any  one  who  will  examine 
it  will  recognize  its  rigidity  as  compared  with  other  bridges  of  the 
same  length  of  span  and  general  dimensions. 

There  is  one  point  which  was  suggested  by  Sir  Benjamin  Baker 
when  he  referred  to  strains  existing  in  metal  in  positions  where  it 
could  not  be  seen.  Some  years  ago  I  condemned  a  large  portion  of  the 
l^ins  of  a  bridge  for  jiiping,  and  it  occurred  to  me  that  the  conditions 
that  produced  piping  in  some  pins  produced  a  strain  nearly  as  bad  as 
piping  in  others.  Since  that  time  I  have  adopted  the  plan  of  boring- 
all  pins  through  the  center.  There  is  no  real  difficulty  in  doing  it, 
and  it  has  at  times  shown  a  condition  of  the  metal  in  the  interior  of 
of  those  pins  which  made  me  glad  that  I  had  required  it.  It  is  valu- 
able, both  as  a  means  of  detecting  flaws  which  could  not  otherwise  be 
found  and  as  removing  the  condition  of  internal  strain  which  has  pro- 
tluced  those  flaws  and  which  may  even  produce  fracture;  it  is  precisely 
analogous  to  the  approved  practice  of  boring  steamship  shafts.  In  a 
bridge  which  I  am  now  building,  the  entire  set  of  pins  forged  at  one 
shop,  and  which  were  forged  under  too  light  a  hammer,  were  rejected 
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for  piping;  it  was  necessary  to  have  them  forged  at  another  shop  which 
used  a  heavier  hammer;  the  new  pins  showed  no  defects. 

AiiFEED  D.  OxTEWELii,  M.  Am.  Soc.  C.  E. — In  examining  the  details 
of  this  bridge  one  cannot  fail  to  be  impressed  with  the  marked  im- 
provement in  bridge  building  which  has  taken  place  in  this  country 
within  the  past  ten  or  twenty  years. 

Ten  years  ago  the  European  engineer  visiting  this  country  could 
justly  criticise  the  frailty  of  American  bridges,  the  vibration,  the 
ti'emor,  the  rattle  of  the  rods,  etc.  In  the  present  example,  however, 
the  most  fastidious  critic  would  be  pleased,  for  the  design  shows  a 
liberal  use  of  material,  and  that  the  efficiency  of  the  details  claimed 
the  most  attention,  rather  than  economy  in  material  or  labor. 

Looking  at  the  general  plans  of  this  bridge,  the  question  arises, 
how  much,  if  at  all,  did  this  general  arrangement  of  spans  and  piers 
differ  from  the  strictly  economical  arrangement  of  spans  and  piers? 
As  this  is  probably  a  hard  question  to  answer,  I  will  put  it  another 
way.  If  Mr.  Morison  had  been  at  liberty  to  select  his  own  length  of 
spans,  could  he  not  have  saved  considerable  money  by  using  shoi'ter  and 
fixed  spans  for  the  bridge?  My  own  experience — an  experience  very 
much  more  limited  than  that  of  Mr.  Morison — makes  it  a  matter  of 
surprise  to  me  that  the  cost  of  substructure  in  this  bridge  exceeded 
the  cost  of  superstructure,  and  raises  the  question:  was  there  any- 
thing in  the  nature  of  the  bed  of  the  river  that  made  sinking  the  piers 
more  costly  than  would  be  at  first  supposed? 

There  seems  to  be  a  lack  of  unanimity  among  engineers  as  to 
what  is  the  most  economical  length  of  suspended  span  compared  with 
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the  full  span.    In  the  present  example  the  suspended  span  is        '      = .  57 

350 
of  the  full  span;  in  the  Forth  Bridge  it  is  —  .205;     in    Mr.    Mac- 

Leod's bridge  over  the  Kentucky  Eiver,  L.  S.  R.  R.,  it  is  ^— T=.47;in 

105 
Mr.  Buck's  Verrugas  viaduct,  k^=  .405;  in  the  Poughkeejisie  Bridge, 

—-,  —.39;  in  the  Sukkur  Bridge,  ^^^7:  =  .244;  in  the  Red  Rock  Bridge,  ^^^^ 
546  ozv  660 

105 
=.5;   in  Mr.  C.  C.  Schneider's  Frazer  River  Bridge,  oTR=  -33;    Niagara 

120 
FallsCantileverBridge, -JqJ^=  .242;  in  the  Kentucky  and  Indiana  Rail- 
road Bridge,  jk?.—  .33;  in  the  proposed  Channel  Bridge, ^^  =.  25.  Short 
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or  long  suspended  spans  seem  to  depend  upon  the  unimportance  or 
importance  of  deflection  in  the  bridge.  According  to  this  principle  a 
highway  bridge  may  have  a  shorter  suspended  span  than  a  railroad 
sjjan  of  the  same  length;  and  the  above  ratio  should  be  greater  for 
short  spans  than  for  long  spans  for  both  railway  and  highway  bridges. 

It  is  interesting  to  note  that  the  depths  of  spans  in  this  bridge  show 
a  marked  tendency  towards  the  European  practice  of  shallow  depths. 

The  use  of  bulb  angles  in  lateral  struts  is  a  decided  improvement 
over  the  I  form,  whether  the  latter  is  rolled  or  built  up  of  ordinary 
angle  irons.  The  bulb  angles  at  present  on  the  market  are  too  heavy 
for  use  in  most  bridges  for  this  purpose.  It  appears  to  me  that  if  the 
rolling  mills  would  roll  a  series  of  smaller  sections  of  this  shape  they 
would  find  a  ready  market. 

Mr.  Morison's  explanation  of  the  method  used  in  ascertaining  the 
sizes  of  pins  is  very  satisfactory  as  far  as  it  goes.  It  would  be  interest- 
ing, however,  to  know  exactly  how  the  size  of  a  particular  pin  was 
determined.  The  customary  process  is  both  long,  tedious,  and  unsat- 
isfactory when  completed,  so  that  if  Mr.  Morison  has  a  shorter  and 
simpler  method,  the  profession,  I  am  sure,  will  be  glad  to  know  it. 

The  advocates  for  single  intersection  must  be  disapjiointed  in  the 
fact,  that  this  important  bridge  was  built  on  the  double  intersection 
plan.  I  have  for  some  time  thought  we  shall  in  long  spans  revert  to 
the  single  intersection  form  of  truss  employed  by  Mr.  Albert  Fink  for 
the  400-ft.  channel  span  of  the  Louisville  bridge.  This  bridge,  it  will 
be  remembered,  has  a  Warren  primary  truss  of  long  panels,  each  sub- 
divided into  four  shorter  panels,  to  carry  the  floor  and  stiffen  the  lapper 
chord.  This  form  of  truss  has  the  advantages  attributable  to  long 
panels,  definite  strains,  duplication  of  parts,  concentration  of  strains, 
fewer  members.  Whether  these  advantages  are  counteracted  by  dis- 
advantages remains  to  be  seen. 
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By  K.  SuTHEEiiAND,  F.  W.  W.  DoANE,  W.  K.   Butler,  E.  GrLPiN,  P.  S. 
Archibadd,  H.  S.  Poole  and  Maktin  Murphy. 


K.  Sutherland. — Dr.  Murphy  is  to  be  congratulated  on  the 
success  that  has  attended  his  constructions  in  concrete  in  Nova  Scotia, 
and  I  think  this  is  due  largely  to  the  interest  he  has  taken,  as  well  as 
the  time  he  has  given  in  personal  supervision,  even  to  the  most  minute 
details  of  the  several  structures  he  had  in  hand. 

The  widely  divergent  uses  to  which  concrete  can  be  applied  with 
satisfactory  results  obtained  in  practice  on  some  of  the  railways  here, 
and  the  interesting  i^apers  on  that  subject  read  by  Dr.  Murphy  before 
the  Canadian  Society  at  Montreal,  has  invested  the  details  of  bridge 
substructure  and  foundations  with  an  interest  second  only  to  its 
importance. 

I  notice  that  the  author  has  instanced  the  concreting  of  two  bridges 
on  the  line  of  the  Windsor  and  Annapolis  Bailway,  namely,  the  Avon 

•  "  Bridge  Substructure  and  Foundations  in  Nova  Scotia."  By  Martin  Murphy,  M.  Can. 
Soc.  C.  E.     Transactions,  Vol.  XXIX,  page  620. 
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River  Bridge,  over  the  Avon,  and  the  Gaspereaux  River  Bridge,  over 
the  Gaspereaux. 

Avon  River  Bridge. — Of  the  eight  piers  in  this  structure,  five  were 
concreted  by  commencing  on  the  outside  of  the  ashlar  masonry  and 
incasing  them  with  a  matrix  to  3  ft.  above  high  water,  the  outside  of 
which  was  protected  by  cribbing  of  10  x  10  spruce  timber,  for  the  pur- 
pose of  holding  the  matrix  in  place  while  being  deposited. 

The  estuary  of  the  Avon  at  this  point  having  a  tidal  rise  of  about 
28  ft. ,  and  a  current  of  six  miles  au  hour,  the  work  of  depositing  the 
foundations  was  attended  with  some  difficulty  in  keeiDing  the  material 
from  being  washed  out  at  every  infliix  and  ebb  of  the  tide.  This  was, 
however,  overcome  by  the  knowledge  we  had  gained  in  putting  in  our 
foundations,  so  that  we  were  enabled  iu  a  very  few  days  to  put  a  belt 
of  concrete  around  the  piers  of  from  1  to  Ij  ft.  every  24  hours.  The 
proportion  of  material  forming  the  whole  body  of  concrete  was 
1  bbl.  of  White's  Portland  cement  to  Ij  bbls.  of  clean  sand,  1  bbl.  of 
clean  gravel,  and  4  of  common  field  stone.  These  stones  weighed  from 
8  to  20  lbs. ,  and  were  all  dropped  or  placed  by  hand,  so  that  as  far  as 
practicable  no  one  stone  would  touch  its  fellow.  The  matrix  was  deliv- 
ered in  situ  from  tojs  of  jjier,  falling  10  to  30  ft.,  so  that  very  little,  if 
any,  ramming  was  necessary.  The  thickness  of  belt  of  concrete  at 
foundation  was  2^  ft.,  finishing  at  1  ft.  4  ins.  This  work  has  now 
been  on  probation  for  over  four  years,  and  has  so  far  completely  filled 
the  object  for  which  it  was  erected,  namely,  the  prevention  of  further 
disintegration  of  the  bridge  piers.  This  belt  to-day  clings  as  closely 
to  the  ashlar  as  on  the  last  day  of  its  comj^letion,  without  a  "thread- 
i'ent  "  or  displacement  to  be  noticed;  in  fact,  a  monolith.  The  cost 
was  §7  25  per  cubic  yard.     A  view  of  this  bridge  is  given  on  Plate  I. 

Gaspereaux  Bridge. — This  structure  consisted  of  three  piers  only, 
and  the  object  of  supplying  concrete  for  rebuilding  was  Avidely  differ- 
ent from  that  of  the  Avon  River,  but  the  success  which  had  attended 
the  repairs  to  the  latter  warranted  us  in  apjslying  the  same  system,  so 
far  as  the  material  of  which  it  was  composed  was  concerned,  in  the  pro- 
jected rebuilding  of  the  Gaspereaux.  The  three  piers  were  of  the  ordi- 
nary so-called  trestle  bents  resting  on  piles  capped  and  interbraced 
with  each  other,  these  piles  standing  12  ft.  above  the  surface  at  low 
water,  with  probably  10  ft.  below  the  surface,  into  the  hard  river  mud. 
This  interbraced  piling  had  become  crippled  and  bent  in  toward  the 
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middle  of  the  river,  so  that  the  time  had  come  for  reconstruction,  either 
■with  ashlar  masonry  or  with  concrete,  as  above  noted. 

The  superstructure  consisted  of  two  American  pin-connected  truss 
iron  girders;  lower  chords  of  eye-bars;  each  span  being  145  ft.  A  view 
of  this  bridge  is  given  on  Plate  II. 

To  build  the  piers  of  ashlar  would  have  necessitated  the  construction 
of  solid  false  works,  to  enable  us  to  keep  our  train  service  intact,  so  that 
the  idea  of  concrete  piers,  which  would  obviate  the  necessity  of  any 
false  works,  and,  therefore,  the  conclusion  to  build  concrete  piers  was 
at  once,  I  believe,  a  judicious  and  happy  movement  in  the  direction  of 
economy  as  well  as  facility  of  construction.  The  result  has  justified 
this.  "We  commenced  operations  by  excavating  about  8  ft.  below  the 
surface,  6  ft.  under  low  water,  until  we  found  hard  clay  with  an 
admixture  of  gravel,  cutting  out  only  about  6  ft.  of  plan  section  at 
one  time,  placing  therein  3  ft.  of  field  stones,  grouting  the  same  with 
1  to  li  of  cement  and  sand,  until  the  whole  foundation  was  completed. 
We  then  proceeded  with  the  same  proportions  of  concrete  material  as 
in  the  case  of  the  Avon  River  Bridge,  cutting  out  nearly  half  of  the 
timber  in  bents  and  filling  as  the  work  progressed  ;  completing  the 
piers  on  top  at  8  ft.,  excepting  in  the  case  of  the  center  pier,  at  10  ft., 
which  held  the  ends  of  both  trusses.  The  tops  of  all  the  piers  were 
capped  with  large  and  well-dressed  hard  free  stone,  chamfered  around 
the  edges,  and  giving  the  whole  a  finished  appearance.  During  con- 
struction the  concrete  was  kept  in  place  by  a  wooden  framework  of 
6x3  spruce,  on  the  inside  of  which  Ij-in.  plank  was  fastened.  The 
Gaspereaux,  although  not  so  wide  as  the  Avon,  has  4  ft.  more  tide, 
and  the  same  speed  in  its  current.  We  had  no  difficulty  in  maintain- 
ing all  our  concrete  in  position  as  deposited,  no  doubt  owing  to  our 
having  passed  the  experimental  stage  at  the  Avon  River  Bridge,  in 
placing  concrete  in  the  tidal  waters  of  the  bay  of  Fundy. 

Mr.  F.  W.  W.  DoANE. — In  discussing  Dr.  Murphy's  interesting  and 
valuable  paper,  I  can  testify  to  the  satisfactory  results  that  have 
attended  the  use  of  concrete  in  Nova  Scotia,  as  I  am  familiar  with  most 
of  the  concrete  work  done  in  the  Province. 

It  is  rather  surprising  that  engineers  are  so  conservative  in  their 
practice,  and  that  the  adoption  of  concrete  as  a  building  material  is 
not  more  general,  since  the  discovery  of  the  process  is  by  no  means 
recent.     One  urgent  reason  for  its  adoption  in  the  city   of   Halifax 
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is    the    difficulty    in    connection    with    the    employment    of    skilled 
labor. 

In  work  such  as  Dr.  Murphy  describes  monolithic  massiveness  is  of 
the  first  importance,  as  the  resistance  to  blows  from  drift  ice,  logs  and 
rafts,  and  the  power  to  withstand  the  freezing  and  thawing  of  a  Nova 
Scotia  winter,  cannot  be  obtained  in  quarried  stone.  The  experience  so 
far  has  not  shown  any  failure  from  the  action  of  frost  on  concrete 
structures  in  our  climate,  which  is  more  severe  than  in  the  Upper 
Provinces,  in  consequence  of  the  rapid  and  frequent  changes  in  the 
temperature. 

The  draw  pier  of  the  "  Victoria  Bridge  "  referred  to  by  Dr.  Murphy 
has  been  an  unquestionable  success.  This  work  was  done  where  there 
is  a  very  rapid  current,  and  consequently  the  blows  from  drift-ice,  logs, 
etc.,  are  very  heavy,  and  the  destructive  effects  of  freezing  and  thawing 
would  be  more  noticeable  in  consequence  of  the  great  rise  and  fall  of 
the  tides.  The  drift-ice  and  other  floating  material  strike  as  impo- 
tently  against  the  pier  as  if  it  were  a  lump  of  lead,  and  the  freezing  has 
no  effect  upon  it  whatever.  Compared  with  the  conduct  of  masonry 
under  similar  circumstances,  concrete  is  far  cheaper,  even  if  the  first 
cost  were  more  than  that  of  masonry,  instead  of  less. 

It  is  of  course  important  that  great  care  should  be  used  in  the  selec- 
tion of  material  and  the  method  of  compounding,  as  the  quality  of 
concrete  depends  on  the  material  used  and  the  skill  in  mixing.  It  is 
also  important  that  concrete  work  should  be  done  before  cold  weather, 
so  that  the  process  of  induration  shall  be  sufficiently  advanced  to  pre- 
vent the  surface  from  cleaving  and  disintegrating.  Uniformity  in  the 
quality  of  cement  is  also  important. 

The  construction  of  concrete  work  was  at  first  unpopular  in  this 
Province.  It  was  thought  expensive  and  was  opposed  by  the  public, 
although  it  was  not  exactly  an  experiment.  It  was  undertaken  hesitat- 
ingly at  first;  but  it  is  now  employed  in  the  construction  of  all  classes 
of  work. 

The  building  stone  in  Nova  Scotia  is  generally  too  far  away  to  com- 
pete successfully  with  concrete  in  cost.  In  Halifax,  for  the  reason  al- 
ready given,  namely,  "the  difficulty  in  controlling  skilled  labor,"  it 
was  found  to  be  much  more  economical  and  satisfactory  to  build 
sewers,  sidewalks  and  catchpits  of  concrete  instead  of  brick.  The 
sewers  are  constructed  of  concrete  blocks  molded  to  the  proper  form 
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and  allowed  to  set  for  some  time  before  being  used.  They  are  laid 
by  ordinary  workmen,  who  are  paid  less  than  half  the  wages 
demanded  by  skilled  workmen,  who  must  be  employed  to  construct 
brick  sewers. 

Catchpits  built  of  concrete  are  perfectly  water-tight  and  easily 
cleaned,  and  the  cost  is  much  less  than  those  built  of  brick,  or  the  re- 
cent invention  of  cast  iron.  They  are  provided  with  a  concrete  cover, 
or,  in  places  where  the  traffic  is  very  heavy,  a  granite  curb  is  set  in  the 
face  and  a  cast-iron  cover  used. 

W.  R.  BuTiiEB,  Assoc.  M.  Inst.  C.  E. — Doctor  Murphy's  paper  will 
command  the  careful  and  interested  attention  of  members  of  the  Con- 
gress as  exhibiting  methods  bold  and  novel  in  character,  very  success- 
fully adapted  to  meet  cases  of  somewhat  peculiar  difficulty.  That  the 
several  problems  presented  have  been  solved  by  economical  methods, 
but  at  no  sacrifice  of  i^ermanence  or  stability,  both  as  to  the  general 
designs  and  also  as  to  the  execution  of  their  details,  the  writer  believes 
will  be  generally  admitted. 

Concrete  has  in  many  instances  proved  its  superiority  to  masonry 
construction  in  the  waters  of  our  tidal  I'ivers,  especially  where  such 
repeated,  rapid  and  extreme  fluctuations  of  level  obtain  as  in  the  tidal 
waters  of  the  bay  of  Fundy. 

The  railway  bridge  across  the  Avon  at  this  place  (Windsor),  referred 
to  by  Dr.  Murphy  is  a  notable  example  of  the  deteriorating  effect  of 
such  influences  upon  heavy  masonry,  with  which  the  writer  is  very 
familiar.  At  one  hour  of  the  day  the  external  face  may  be  subjected  to 
a  water  pressure  due  to  a  head  of  from  30  to  50  ft. ,  and  a  few  hours  later 
the  same  face  may  be  exposed  to  atmospheric  influence;  at  half  tide  the 
rate  of  rise  and  fall  is  approximately  1  ft.  in  from  five  to  seven  minutes; 
the  effect  of  this,  in  a  temperature  far  below  the  freezing  point,  to- 
gether with  blows  from  masses  of  floating  ice  of  50  tons  upwards,  may 
be  imagined,  the  current  running,  as  it  often  does,  some  5  or  6  miles  an 
hour.  These  masonry  piers,  in  spite  of  constant  watching  and  repairs, 
have  proved  utterly  unable  to  withstand  the  deteriorating  influences, 
and  the  treatment  referred  to  by  Dr.  Murphy  has  been  resorted  to. 

The  design  of  the  highway  bridge  discussed  in  the  paper  and  rep- 
resented in  some  of  the  details  in  Plate  I,  seems  to  fulfill  all  the  re- 
quirements of  the  locality — the  writer  has  seen  its  stability  very  severely 
tested.     On  one  occasion  by  the  thrust  of  a  compact  body  of  heavy 
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ice,  filling  the  estuary  below  for  some  miles  from  bank  to  bank,  and 
steadily  advancing  wp  stream,  impelled  by  wind  and  tide,  each  pair 
of  cylinders  was  cutting  its  lane  through  the  ice  floe,  which  was  more 
or  less  cemented  together  by  half  frozen  slurry  from  a  heavy  snow 
storm,  to  the  accompaniment  of  much  groaning  and  crushing  of  ice- 
cakes  and  vibration  of  bracings.  The  bridge,  however,  has  stood  this, 
and  many  like  tests,  unimpaired.  As  to  floating  masses  of  heavy  ice  or 
such  like  objects,  and  their  damaging  eff'ects  upon  a  bridge  pier,  the 
writer  is  tempted  to  advance  the  observation  that  it  will  be  less  upon  a 
pier  presenting  its  full  breadth  as  a  face  at  right  angles  to  the  direc- 
tion of  the  current,  than  upon  a  similar  pier  built  with  a  cut-water;  at 
any  rate,  when  the  current  is  a  swift  one,  the  floating  body  is  diverted 
from  its  course  further  up  stream,  the  velocity  of  the  current  being 
very  sensibly  diminished  within  a  curved  envelope  extending  forward 
from  the  face  of  the  pier  and  within  which  a  sort  of  water  cushion  is 
formed.  Masses  of  ice  are  frequently  given  a  rotating  movement 
and  possibly  strike  a  less  damaging  blow,  or  are  frequently  carried 
entirely  clear  of  the  structure. 

The  deposition  of  concrete  m  situ  in  paper  bags,  as  described  by 
the  author  of  the  paper,  is  certainly  an  improvement  upon  deposition 
simply  from  a  "skij)  "  and  deposition  in  bags  made  from  a  material 
which  is  not  immediately  destroyed. 

It  would  be  interesting  if  Dr.  Murphy  would  state  whether  he  has 
had  opportunity  of  examining,  after  any  lapse  of  time,  the  concrete 
deposited  in  the  construction  of  any  of  the  works  described,  or  has 
been  able  to  judge  whether  chemical  action  of  sea-water  has  taken,  or 
is  likely  to  take,  place. 

The  design  of  the  pivot  piers  at  Lockport  and  at  Bear  Biver  suggests 
the  question,  "has  the  water  free  access  to  the  voids  within  the  struct- 
ure during  tidal  fluctuations  ?  If  not,  is  there  any  danger  of  forced 
percolation,  and  consequent  chemical  action  upon  the  concrete  ?  " 

Doctor  Murphy  has  had  long  and  vaiied  experience  in  the  use  of 
Portland  cement  concrete.  It  would  be  interesting  if  he  would  express 
his  views  as  to  what  are  satisfactory  tests  of  a  cement  suitable  for  use 
in  such  works  as  are  described,  in  the  proportions  specified  for  rubble 
and  for  fine  concrete. 

(1)  As  to  chemical  composition;  (2)  specific  gravity;  (3)  fineness; 
{4)   behavior    under    the    testing    machine.      Also,  his   views   as   to 
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the  right  proportions  of  water  to  be  used  in  mixing  for  deposition 
under  such  conditions,  and  any  information  as  to  what  are  safe  and 
what  are  unsafe  atmospheric  temperatures  for  carrying  on  concrete 
work. 

On  some  of  these  points  there  seems  to  be  diversity  of  opinion; 
ignorance  of,  or  inattention  to,  some  of  them  not  infrequently  leads  in 
all  probability  to  the  making  of  a  very  poor  concrete  from  very  good 
materials. 

Dr.  E.  GzLPiN.* — As  Dr.  Murphy  has  observed,  there  are  few  coun- 
tries more  trying  to  masonry  than  Nova  Scotia.  The  constant  alterna- 
tions from  thawing  to  freezing  during  the  winter,  often  taking  place 
twice  during  the  24  hours,  are  very  destructive  to  all  structures,  espe- 
cially when  they  are  at  all  porous.  The  experience  of  80  years  has 
shown  that  no  variety  of  "  sandstone  "  met  in  Nova  Scotia  can  be 
relied  upon  for  permanent  structure,  and  the  ravages  of  time  are  often 
serious  within  a  period  of  30  years.  Two  methods  of  attack  characterize 
the  disappointments  met  in  brick  and  stone  structures,  the  disinte- 
gration of  the  mortar  as  well  as  of  the  stone.  The  only  stones  that 
appear  indestructible  with  lis  are  granite  and  syenite,  and  the  more 
highly  metamorphosed  of  the  slates  of  the  gold-measure  rocks.  The 
latter,  locally  known  as  "ironstone,"  have,  in  some  cases,  shown  not 
the  slightest  weathering  for  about  one  hundred  years.  Limestone  has 
been  used  to  a  limited  extent.  Some  very  old  buildings  have  stood 
well;  other  structures  have  not  yet  served  their  apprenticeship  to 
time,  and  in  the  case  of  limestone  each  quarry  must  make  its  own 
record. 

The  concrete  age  which  is  beginning  in  Nova  Scotia  bids  fair  to 
displace  stone  in  nearly  every  respect  where  utility  is  more  consulted 
than  appearance.  The  first  application  of  it  in  Nova  Scotia  for  colliery 
purposes  was  for  the  foundation  of  a  large  Cornish  pump.  This  was 
not  satisfactory,  owing  to  want  of  knowledge  on  the  part  of  the  builders. 
Later,  concrete  has  been  extensively  used  for  engine  foundations,  in 
some  cases  increased  strength  being  gained  by  imbedding  old  wire 
ropes,  etc.  As  a  material  for  dams  it  is  excellent  under  a  slight  head 
of  water.  As  ordinarily  built  it  is  too  porous  for  heads  exceeding  100 
ft.  I  have  observed,  however,  that  if  the  material  be  evenly  and  firmly 
rammed,  so  as  to  leave  the  minimum  of  pore  space,  its  resistance  to  the 

*  Inspector  of  H.  M.  Mines. 
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passage  of  water  is  greatly  increased.  Under  such  circumstances  tlie 
stone  should  be  small  and  thoroughly  worked  in. 

As  a  puddling  around  shafts  above  the  rock  head,  it  is  superior  to 
clay,  as  it  is  not  worn  away  by  the  action  of  any  running  water.  There 
are  other  colliery  uses  to  which  it  is  applicable,  but  I  will  not  here 
refer  to  them,  as  it  is  sufficient  to  say  that  in  Nova  Scotia  it  has  earned 
its  footing,  and  that  Dr.  Murphy  has  received  much  commendation  for 
the  ready  and  adroit  use  he  has  made  of  it  to  extend  the  funds  avail- 
able for  our  bridges.  This  is  of  no  small  importance,  our  rivers  being 
numerous  and  necessai-ily  bridged  near  the  outlet,  as  the  settlements 
are  principally  along  the  shore. 

Mr.  P.  S.  AkchtbaxiD. — The  writer  is  familiar  with  the  various  struct- 
ures described  in  the  author's  paper,  and  can  bear  testimony  to  their 
efficiency  and  durability.  He  acknowledges  that  he  had  serious  mis- 
givings as  to  the  advisability  of  using  concrete  for  substructures  in  a 
climate  with  such  a  wide  range  of  temperature  as  that  of  Nova  Scotia, 
when  the  author  began  some  of  the  works  above  described.  He  has, 
however,  had  his  doubts  removed,  and  for  the  past  five  years  has  been 
using  concrete  freely  for  miscellaneous  works  in  connection  with  the 
maintenance  of  the  substructures  of  the  Intercolonial  Railway. 

In  renewing  bridges,  where  it  has  been  found  necessary  to  carry  up 
the  height  of  the  piers  and  abutments,  it  has  been  used  to  great  ad- 
vantage as  regards  saving  of  time  in  the  execution  of  the  work,  and  at 
about  one-half  the  cost  as  compared  with  ashlar  masonry. 

As  an  illustration,  the  writer  will  briefly  describe  the  renewal  of  the 
Biviere-du-Loup  Bridge.  The  old  bridge  consisted  of  three  wooden 
spans  of  100  ft.  each,  built  on  stone  piers  in  a  very  rapid  stream.  The 
trusses  were  of  the  "Howe"  pattern  (deck)  and  20  ft.  in  height.  It 
was  decided  to  replace  these  with  steel  spans  of  the  Warren  type,  10  ft. 
deep.  This  necessitated  the  building  up  of  the  piers  and  abutments 
11  ft.  It  was  the  intention  at  first  to  build  up  with  solid  masonry. 
The  old  structure  was  unusually  wide,  the  piers  and  abutments  extended 
a  very  little  distance  outside  of  the  trusses.  The  stream  was  very  full, 
and  it  was  only  possible  to  reach  the  piers  and  abutments  by  lowering 
the  stone  with  a  derrick  from  the  top  of  the  bridge.  The  traffic  over 
the  bridge  was  very  considerable,  and  it  was  not  practicable  to  have  a 
derrick  set  up  any  length  of  time  on  its  top.  So,  under  these  circum- 
stances, it  was  decided  to  try  concrete.     The  old  trusses  were  spread 
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out  a  few  inclies,  suflQcient  to  permit  of  the  new  spans  being  erected 
between  them.  This  brought  the  old  trusses  nearly  to  the  outer  ends 
of  the  abutments  and  piers. 

The  chords  of  the  old  trusses  were  30  ins.  wide  and  took  up  a  large 
share  of  the  piers  and  abutments,  and  in  building  up  the  concrete  the 
temporary  framework  was  made  large  enough  to  cover  nearly  the  whole 
surface  of  the  piers  and  abutments,  including  the  space  occupied  by  the 
old  wooden  trusses.     These  latter  were  therefore  encased  in  concrete, 


as  shown  on  sketch  herewith.  When  the  whole  was  completed  and 
sufficiently  hardened,  and  the  new  spans  erected  in  place,  the  old 
wooden  chords  and  posts  were  sawn  off  close  up  to  the  face  of  the 
concrete,  and  allowed  to  fall  into  the  stream  below.  The  old  timbers 
\vhen  encased  in  the  concrete  were  sound.  They  were  chiseled  off 
about  \  in.  deep  from  the  face  of  the  concrete,  and  a  coat  of  cement 
applied.  This  concrete  has  been  in  use  three  years  and  shows  no  signs 
of  deterioration  to  date.  The  cost  of  it  was  about  $8  per  cubic  yard. 
The  writer  is  satisfied  that  solid  masonry  would  have  cost  nearly,  if  not 
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quite,  double  that  amount.  The  circumstances,  however,  were  very 
favorable  for  the  use  of  concrete  ;  abundance  of  good  clean  sand  and 
gravel  was  to  be  had  near  by,  while  no  suitable  stone  could  be  got 
nearer  than  200  miles  without  opening  a  quarry  especially  for  this  pur- 
pose. The  cement  used  was  the  best  Portland,  and  cost,  delivered, 
$2  50  per  barrel. 

In  the  past  five  years  the  writer  has  used  concrete  quite  largely  in 
the  foundations  of  turn-tables  and  miscellaneous  machinery,  also  in 
bridge  substructures  aad  culverts,  and  in  not  a  single  instance  has  he 
had  a  case  of  failure ;  even  for  the  foundation  of  track  scales  he  has 
found  it  expedient  to  use  it  in  preference  to  masonry.  It  requires 
little  skilled  labor,  and  no  expensive  hoisting  plant  such  as  is  neces- 
sary for  masonry.  The  price  of  good  Portland  cement  is  now  about 
$2.10  per  barrel,  delivered  at  St.  John  or  Halifax,  and  when  the  other 
ingredients  are  to  be  had  at  reasonable  prices,  near  the  site  of  the 
work,  concrete  can  be  built  for  less  than  $5  per  cubic  yard. 

Three  years  ago  the  writer  had  the  piers  of  the  Shubenacadie  River 
Bridge  treated  to  a  coating  of  concrete  within  a  timber  framework, 
and  has  had  no  trouble  with  them  since.  Previous  to  that,  they  had 
been  a  source  of  annoyance  and  expense  for  20  years.  The  masonry 
here  was  aflfected  by  the  flow  of  the  tides,  as  was  that  of  the  Avon  Bridge, 
described  in  the  paper. 

Mr.  H.  S.  PooLE. — I  have  knowledge  of  some  of  the  bridges  to  which 
Dr.  Murphy  refers,  and  can  endorse  what  he  says  of  the  apparent 
success  of  concrete  foundations,  even  when  made  by  workmen  without 
special  experience.  A  casual  examination  readily  shows  imperfections 
in  the  mixing  and  ramming  of  the  material  used  and  yet  no  indications 
are  seen  of  injury  from  frost,  although  the  climate  of  Nova  Scotia  is  a 
trying  one,  alternations  of  temperature  being  numerous,  rapid  and 
severe  during  the  winter.  I  have  known  a  drop  of  40°  in  12  hours, 
following  a  rain  storm  which  left  all  open  structures  soaked  with 
water. 

Mabtin  Muephy,  M.  Can.  Soc.  C.  E. — The  author  attributes  the 
successful  employment  of  Portland  cement  concrete  in  the  erection  of 
the  substructure  of  the  bridges  in  Nova  Scotia  largely  to  the  means 
adapted  to  carry  the  work  into  effect.  At  first  or  early  stages  of  pro- 
gress, the  work  to  be  executed  was  of  such  a  comparatively  limited  and 
local  character  as  to  be  within  his  own  personal  control,  and  was  ac- 
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cordingly  let  by  contract.  Later  on,  however,  as  the  value  of  concrete 
became  better  known  and  gave  a  greater  degree  of  confidence,  it  as- 
sumed larger  proportions  and  became  more  diffused  or  extended  in  its 
application  as  the  bridges  under  construction  became  more  remote. 
Hence  it  was  considered  that  more  accurate  supervision  and  more  de- 
sirable results  could  be  obtained  by  performing  the  erection  by  "day's 
labor  "  under  the  more  direct  control  of  the  engineer  and  such  assist- 
ance as  he  could  procure. 

The  daily  increasing  knowledge  which  regulates  the  practice  of 
Portland  cement,  its  admixture  with  the  aggregates  to  form  a  reliable 
concrete  mass  and  its  final  deposition  can,  in  the  opinion  of  the  author, 
for  obvious  reasons,  be  better  effected  by  "  day's  work  "  or  men  em- 
ployed by  the  day  than  it  can  be  by  contract.  Unlike  masonry,  we 
have  to  deal  with  a  material  every  fragment  of  which  has  to  be  com- 
pounded by  the  union  or  mixture  of  elements,  on  the  combination  and 
coherence  of  which  will  depend  its  value  and  efficiency.  The  mate- 
rials have  to  be  selected  and  their  treatment  watched  with  a  much 
greater  degree  of  care  than  that  required  for  masonry  supervision,  and 
this  can  be  better  performed  by  trained  hands  in  the  employment  of 
the  engineer.  The  author  believes  that  the  failure  of  Portland  cement 
concrete  is  more  frequently  caused  by  the  defective  manipulation  of 
the  ingredients  than  by  inferior  cement.  In  his  experience  he  has, 
however,  invariably  made  use  of  the  cement  manufactured  by  White 
Brothers,  of  London,  England,  and  its  behavior  under  varying  condi- 
tions of  employment  has  so  far  warranted  the  further  continuance  of  its 
adoption,  and  although  the  other  ingredients  have  not  always  been  as 
clean,  sharp  and  promising  as  he  could  wish  to  form  a  reliable  con- 
crete, still  the  structures  spread  over  the  Province  of  Nova  Scotia  are 
remarkably  free  from  deterioration  or  fracture.  One  thing  he  is  quite 
certain  of,  i.  e. ,  that,  wherever  an  abrasion  or  slight  flaw  shows  itself,  it 
is  due  to  careless  workmanship  and  not  to  the  quality  of  the  cement. 
However,  not  to  be  invidious,  he  should  state  that  he  has  observed 
some  other  brands  of  Portland  cement  employed  within  the  Province 
and  equally  exposed  to  tidal  fluctuations  and  to  the  climatic  changes 
of  temperature,  already  noted,  behaving  equally  well. 

The  discussion  calls  for  no  extended  remarks.  The  gentlemen  who 
have  favored  us  with  their  views  speak  from  personal  observation  and 
from  a  knowledge  of  such  work  gained  by  experience.     In  response  to 
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Professor  Butler's  interrogation,  the  author  has  had  opportunity, 
after  lapse  of  time,  to  examine  the  concrete  deposited  under  sea  water 
and  found  no  deleterious  effects — nothing  remarkable,  no  expansion, 
disruption  or  evidence  of  blowing  could  be  observed.  With  regard 
to  the  voids  in  the  circular  piers,  the  tides  rise  and  fall  during  ebb  and 
flow,  within  the  same  as  without.  Provision  is  made  against  the 
danger  suggested  by  placing  air  holes  in  the  top  covering,  to  allow  the 
air  forced  by  the  rising  of  the  water  to  escape. 

The  properties  of  a  good  reliable  cement  are:  It  should  be  finely 
ground.  It  should  have  a  specific  gravity  of  not  less  than  3  at  the  end 
of  four  weeks.  It  should  give  the  usual  tensile  strengths  with  bri- 
quettes at  7,  14  and  28  days  made  with  neat  cement,  and  also  with  bri- 
quettes made  of  2  or  3  ]3arts  of  fine  quartz  and  sand  and  1  of  cement.  It 
should  be  mixed  with  a  sufficient  quantity  of  water,  about  4  galls,  to  1 
cu.  ft.  of  cement.  When  too  much  water  is  used  in  the  intermixture,  a 
white  creamy-looking  substance  rises  to  the  top  of  the  concrete  layer, 
when  tamped.  This  thin  film  of  free  lime  more  or  less  divides  the  mass, 
separating  the  continuity  of  bonds  and  stratifying  the  whole,  thus  des- 
troying its  monolithic  character.  This  too  frequently  occurs  by  reason 
of  dousing  the  ingredients  with  too  much  water,  to  save  labor  in  mixing. 
The  author  does  not  believe  in  excessive  tests,  more  especially  tensile 
tests.  A  poor  cement  with  an  excess  of  lime  may  give  the  best  tensile 
test  at  seven  days,  but  the  induration  will  not  continue  steadily  onwards 
with  such  a  cement.  One  can  with  some  experience  determine  an  excess 
of  lime  by  the  pat  test.  It  is  difficult  to  test  cement  properly,  and  a 
novice  cannot  possibly  do  it.  The  most  reliable  course  to  follow  is  to 
purchase  from  the  most  reliable  manufacturers.  Extremes  of  temper- 
ature, hot  or  cold,  should  be  avoided.  In  summer  time  with  80° 
Fahr.  and  upwards,  the  concrete  should  be  covered  from  exposure  to 
the  sun  and  kept  sprinkled  for  six  or  seven  days  with  a  fine  sprinkler. 
In  the  fall  or  winter  season  concrete  work  should  be  discontinued  in  a 
climate  like  that  of  Nova  Scotia,  where  there  is  risk  of  freezing.  In 
every  case  where  concrete  was  placed  in  piers  during  frosty  weather, 
when  the  temperature  of  the  atmosphere  was  10  or  15°  below  the 
freezing  point,  the  following  summer  thin  scales  of  concrete  would 
peel  ofi"  from  the  exposed  surface. 
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SUBAQUEOUS    FOUNDATIONS.— DISCUSSION     ON 
PAPER  No.  626.* 


By  C.  O.  GiiEiM  and  F.  Neukxrch. 


A  Member. — Has  this  process  been  tried,  and  if  so,  where? 

C.  O.  Gleim,  Cor.  M.  Am.  Soc.  C.  E. — The  gentleman  has  suggested 
just  the  same  thing  that  I  would  have  suggested,  that  the  author  be 
asked  for  details  of  the  cases  in  which  he  has  applied  his  process. 
The  paper  mentions  two  cases,  the  one  a  sewer  that  had  given  trouble, 
being  in  quicksand,  the  quicksand  being  drawn  through  the  masonry 
a,nd  causing  a  settlement  of  the  surrounding  mass;  in  this  case,  he 
says,  they  have  applied  the  process  to  the  sewer  with  good  success. 
In  the  other  case  he  does  not  give  much  detail  in  this  respect,  and  I 
would  like  to  have  the  author  given  an  opportunity  to  add  some  infor- 
mation on  this  head. 

Mr.  F.  Neuktrch. — In  compliance  with  the  desire  expressed  I  beg 
to  give  the  following  details  about  the  practical  cases  of  the  execution 
of  foundations  according  to  the  method  described  in  my  paper. 

*  "  Improved  Method  of  Constructing  Foundations  under  Water  by  Forcing  Cement  into 
Loose  Sand  or  Gravel  by  Means  of  Air  Pressure."  By  Fr.  Neukirch,  C.  E.,  of  Bremen,  Ger- 
many.   Transactiom,  Vol.  XXIX,  page  639. 
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For  the  work  described  in  Figs.  1  and  2  (Plate  I,  "Vol.  XXIX, 
page  642),  a  double-acting  compressor  with  direct  steam  action  and  in- 
creased effect  through  pressure-compensating  slider,  patent  Burck- 
hardt  &  Weiss,  was  employed. 

The  air  cylinder   was  270  mm.  (10|  ins.)  in  diameter. 
The  steam  cylinder   "320     "     (12|    ")    " 
The  stroke  of  both,  "305     "     (12      "  )    "       " 

The  compressor  forwarded  4  cu.  m.  (140  cu.  ft.)  of  air  per  minute, 
working  with  125  revolutions.  The  maximum  air  pressure  was  6 
atmospheres.  The  air  cylinder  had  a  water-jacket,  and  the  compressor 
was  provided  with  a  small  pump  for  the  cooling  water.  The  air 
vessel  was  1  m.  in  diameter,  2  m.  long,  and  was  provided  with  a  man- 
hole, a  safety  valve  and  a  pressure  gauge.  For  isroducing  the  steam, 
the  boiler  of  a  portable  steam  engine  that  happened  to  be  at 
hand  was  used.  The  compressed  air  was  conveyed  to  the  place  of 
operation  through  wrought-iron  pipes  of  an  internal  diameter  of  50 
mm.  (2  ins.).  The  system  of  pipes  was  lengthened  or  shortened,  accord- 
ing to  the  situation  of  the  place  of  operation,  and  was  connected  by 
rubber  tubing  with  the  traveling  stage.  In  the  process  sho-\vn  in 
Fig.  1,  there  were  46  580  kg.  (102  690  lbs.)  of  cement  injected,  and 
in  that  shown  in  Fig.  2,  47  200  kg.  (104  000  lbs.). 

The  apparatus  used  for  supplying  the  cement  is  shown  on  page  581. 

The  cement  is  filled  in  through  the  funnel  T,  passes  the  valve  Fand 
falls  into  the  cylindrical  chamber  C.  The  valve  V  can  be  opened  by 
the  workman  who  fills  up  the  cement  by  means  of  the  lever  H;  it  closes 
spontaneously  by  the  weight  G.  Below  the  chamber  C  there  is  a  con- 
veying screw  S,  which  can  be  moved  by  the  crank  K,  and  serves  to 
convey  the  cement  to  the  injection  device  D,  in  which  the  cement  is 
carried  away  by  the  current  of  compressed  air  and  conveyed  to  the 
lance  pipe.  The  pipe  U  serves  to  convey  compressed  air  direct  to  the 
lance  pipe  without  conductiag  it  through  the  injecting  device  containing 
the  cement.  For  this  purpose  the  three  cocks  R  are  provided.  The 
receiving  chamber  C,  which  can  be  shut  up  by  the  valve  V,  is  required 
because  the  holes  in  the  nozzle  of  the  lance  pipe  might  possibly  be- 
come clogged,  and  in  this  case  the  compressed  air  would  enter  through 
the  openings  of  the  injecting  device  into  the  chamber  containing  the 
cement,  which,  if  the  chamber  were  not  closed  by  the  valve  V,  would 
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be  blown  into  the  air.  At  N  there  is  a  little  glass  window,  to  observe 
the  moving  forward  of  the  cement  by  the  conveying  screw  S.  The 
chamber  C  is  filled  every  time  with  such  a  quantity  of  cement  as  is 
required  for  each  introduction  of  the  lance  pipe  into  the  soiL 
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AMERICAN  GRAIN  ELEVATORS.— DISCUSSION  ON 
PAPER  No.  627.* 


By  Edwakd  B.  Tatlok  and  E.  Lee  Heidenkeich. 


Edwaed  B.  Taylob,  M.  Am.  Soc,  C.  E. — I  note  that  Mr.  Heiden- 
reicli  lias  made  no  mention  of  the  "Jumbo  "  grain  weighing  and  trans- 
fer ear  which  has  been  used  at  Chicago  on  several  of  the  roads  for  the 
past  eight  years  with  very  good  results. 

The  first  car  was  used  on  the  Pan  Handle  tracks  at  Chicago  in  the 
summer  of  1883,  and  consisted  of  a  car  35  ft.  in  length  and  15  ft.  high 


above  top  of  rail.  Inside  the  car,  at  one  end,  there  was  an  upright 
10-H.  P.  engine,  boiler,  and  the  necessary  machinery  for  a  running  line 
of  elevator  buckets  atid  shovel  attachments,  the  balance  of  the  space  in 

♦  "American  Grain  Elevators."    By  E.  Lee  Heidenreich,  M.  Scandinavian  £ng.  Soc,  of 
Chicago.     Transactions,  Vol.  XXIX,  page  644. 
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the  car  being  occupied  by  a  bin  or  hopper,  of  a  car-load  capacity,  rest- 
ing on  a  standard  scale.  In  transferring  from  car  to  car  three  tracks 
are  used,  as  shown  in  the  cut,  the  transfer  car  occupying  the  center 
track.  Steam  shovels  are  used  to  shovel  the  grain  into  an  elevator  boot 
at  one  side  and  bottom  of  transfer  car,  from  which  it  is  elevated  and 
dumped  into  the  bin  or  hopper,  then  weighed,  after  which  a  slide  in 
the  bottom  of  the  hopper  is  opened,  and  the  grain  runs  a  second  time 
to  the  elevator  boot,  and  is  elevated  to  a  spout,  by  which  it  is  dis- 
charged to  the  car  in  readiness  to  receive  it.  To  operate  one  of  these 
cars  requires  the  services  of  an  engineer  and  four  laborers. 

The  first  elevator  built  had  only  a  capacity  of  about  40  000  lbs., 
but  the  elevators  now  have  a  capacity  of  1  800  bushels  and  a  scale 
capacity  of  80  000  lbs.  with  a  15-H.  P.  engine,  and  from  35  to  40  cars 
of  grain  can  be  transferred  in  10  hours.  The  machine  has  been  found 
to  be  very  useful  and  economical  and  well  adapted  to  localities  where 
the  business  does  not  warrant  the  construction  of  an  elevator  building. 

Mr.  E.  Lee  Hetdenreich. — Referring  to  Mr.  Taylor's  remarks  on  my 
paper  on  "American  Grain  Elevators,"  I  will  say  that  in  addition  to 
the  grain  weighing  and  transfer  car  which  he  mentions,  and  which  I 
often  have  seen,  I  also  omitted  to  mention  the  transportable  corn  shell- 
ing and  transfer  car  which  is  used  to  take  care  of  corn  from  a  string  of 
corn  cribs  along  the  railroad  line.  From  foreign  correspondence  I  have 
been  reminded  of  the  fact  that  automatic  weighing  machinery  is  largely 
in  use  in  foreign  elevators,  and  that  in  an  elevator  in  Fiume,  Croatia, 
electricity  is  used  in  transmitting  power  to  different  elevator  legs,  but 
without  any  material  success.  Automatic  scales  have  been  used  in  this 
country,  but  have  not  been  brought  to  a  satisfactory  degree  of  perfec- 
tion, as  a  possibility  always  remained  for  clogging  up  the  inlet  or  dis- 
charge opening  of  the  receptacle  by  sticks  or  similar  objects  which 
would  interfere  with  the  proper  workings  of  the  scale.  The  introduc- 
tion of  a  stiff  hair  brush  at  the  inlet  opening  seemed  to  have  obviated 
this  trouble  in  the  modern  foreign  automatic  scales.  Foreigners  claim 
to  have  solved  the  fire-proof  bin  construction  problem  by  a  compound 
construction  in  concrete  and  steel,  claiming  that  the  concrete  does  not 
cause  the  condensation  of  moisture  in  the  same  degree  as  iron  or  steel; 
in  fact,  does  not  dampen  the  grain  at  all,  but,  in  view  of  actual  experi- 
ments in  this  country  with  cemented  brick  walls,  we  cannot  consider 
the  problem  solved  in  a  manner  satisfactory  to  our  grain  merchants  who 
are  subject  to  the  very  strict  rules  prevailing  for  the  weighing  of  grain. 
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PAVING  BRICK.— DISCUSSION  ON  PAPER  No.  628. 


By  Daniel  W.   Mead,  WrLLAUD  Beahan,  F.   A.  Calkins  and  Ai;Bekt 

Smith. 


A  Member. — I  would  like  to  ask  Mr.  Mead  if  all  paving  brick  are 
vitrified. 

D.  W.  Mead,  Assoc.  M.  Am.  Soc.  C.  E. — I  believe  that  many  good 
paving  brick  that  are  in  use  in  the  United  States  can  hardly  be 
classed  as  vitrified  brick.  Among  the  first  paving  brick  which  were 
used  in  this  country  that  I  have  seen  are  those  at  Bloomington,  111., 
which  were  made  in  1872.  These  were  made  from  the  drift  clay, 
and  in  the  same  way  that  the  ordinary  building  brick  are  made  at 
that  i^lace,  that  is,  in  "clamp  "  or  up-draft  kilns.  They  are,  however, 
the  "  arch  brick,"  and  I  think  that  from  30  to  40 ^j^  of  the  brick  nearest 
to  the  fire  arches  are  used  at  that  place  for  paving  purposes.  These 
are  hardly  to  be  classed  in  the  ordinary  acceptance  of  the  term  as  vit- 
rified brick.  Yet  they  have  been  in  use  20  or  21  years  at  Bloomington, 
and  are  still  in  fairly  good  shape,  although  some  have  lost  an  inch 
or  more  m  the  original  height  of  the  brick. 

On  the  Ohio  River,  in  many  places,  they  are  using  an  unvitrifled 

*  "  The  Manufacture  and  Use  of  Paving  Brick."  By  Daniel  W.  Mead,  Assoc.  M.  Am.  Soc. 
C.  E.     Transactiom,  Vol.  XXIX,  page  663. 
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brick.  They  are  made  from  a  clay  whicli  is  a  poor  grade  fire  clay,  and 
the  brick  resemble  largely  in  color  a  fire  brick,  though  in  texture  they 
are  somewhat  finer  grained  and  less  porous.  These  brick  are  ordi- 
narily classified  as  a  vitrified  fire  brick,  which  is,  however,  an  erroneous 
classification,  as  a  fire  brick  certainly  cannot  vitrify  and  still  be  classed 
as  a  fire  brick.  These  are  used  quite  extensively  in  paving  through 
Pennsylvania,  Ohio  and  Indiana. 

WrLLAKD  Beahan,  M.  Am.  Soc.  C.  E. — Is  vitrification  necessary,  or 
can  a  good  paving  brick  be  made  without  vitrification? 

Mr.  Mead. — "We  are  not  sure  that  brick  must  be  vitrified  in  order  to 
make  the  best  pavement,  but  it  must  be  a  first-class  hard-burned  pav- 
ing brick  if  we  expect  to  use  it  successfully.  There  is  considerable 
doubt  in  my  mind  whether  this  idea  of  using  none  but  vitrified  brick  is 
a  safe  one.  If  we  vitrify  brick  it  is  not  so  susceptible  to  the  action  of 
frost,  but  we  are  apt  to  make  a  brittle  brick  which  will  deteriorate  in  a 
few  years.  In  regard  to  vitrification,  I  would  say  I  do  not  regard 
vitrification  essential  to  all  paving  brick,  at  least  in  a  great  many 
classes  of  pavements  that  receive  the  lighter  traffic.  In  the  heavier 
traffic,  however,  and  in  the  higher  grade  paving  brick,  it  is  still  an  open 
question  as  to  what  the  best  qualifications  for  such  a  brick  are. 

¥.  A.  Calkens,  M.  Am.  Soc.  C.  E. — The  tables  contained  in  this 
paper  comprised  in  Nos.  2-4  and  8,  are  of  value  as  reference  for  analy- 
sis, method  of  manufacture  and  details  of  laving  pavements.  The 
suggested  outline  for  specifications  will  tend  to  increase  the  efficiency 
of  the  limited  specifications  now  in  general  use. 

The  principal  evidence  now  required  for  brick  pavements  are  prac- 
tical tests  for  endurance  under  heavy  traffic,  which  time  only  can 
supply.  To  that  end  the  following  description  of  a  brick  pavement  is 
contributed.  This  pavement,  although  young  in  years,  is  old  in  ex- 
perience, when  comi^ared  with  ordinary  brick  pavements,  is  located  in 
Chicago,  on  South  Canal  Street,  near  Harrison,  in  the  freight  yard 
of  the  Chicago,  Burlington  and  Quincy  Railroad  Company,  and  was 
laid  in  June,  1890. 

This  yard  is  in  the  form  of  a  parallelogram,  570  ft.  in  length  and  40 
ft.  in  width,  with  the  longest  side  parallel  with  the  street.  The 
freight  hoiise  is  555  ft.  long,  provided  with  17  doors  for  reception  and 
delivery  of  freight,  with  a  space  of  about  31  ft.  between  each.  The 
entrance  to  this  yard  is  on  one  side,  and  not  at  the  end,  and  is  about 
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400  ft.  long,  or  155  ft.  less  than  the  length  of  the  freight  house.  It  is 
important  that  the  position  of  the  yard  relative  to  the  street  be  noted, 
to  understand  the  effect  of  traflSc. 

The  foundation  for  this  pavement  has  been  a  cumulative  one,  com- 
posed of  broken  stone  which  has  been  added  to  for  many  years,  as 
the  settlement  under  traffic  required ;  and  at  time  of  laying  the 
brick,  it  had  a  depth  varying  from  18  to  24  ins.  Upon  this  foundation 
a  cushion  layer  of  sand  was  spread  from  4  to  6  ins.  in  depth,  upon 
which  one  course  of  brick  was  laid  on  edge,  at  right  angles  with  both 
the  street  and  freight  house.  This  position  of  the  courses  turns  a 
large  portion  of  the  traffic  parallel  with,  instead  of  at  right  angles 
to,  the  paving  blocks. 

As  a  team  is  in  position  at  each  door  nearly  all  the  time,  the  space 
to  turn  is  limited,  compelling  the  driver  to  turn  short  and  back  the 
wagon  for  delivery  of  loads  at  the  end  and  not  from  the  side,  which 
produces  a  twisting  motion  to  rear  wheels  causing  them  to  slide  and 
not  roll  on  the  pavement.  As  this  rolling  motion  is  mainly  i^ai-allel  with 
courses,  it  tends  to  increase  the  destructive  action  to  a  greater  extent 
than  a  uniform  rolling  load  would  be  at  right  angles.  The  traffic  on 
this  pavement  during  the  past  three  years  has  been  heavy. 

Men  were  stationed  to  count  the  teams  entering  and  departing 
from  the  yard  in  one  day.  The  tonnage  of  freight  was  given  by  the  com- 
pany, but  the  weight  of  teams,  wagons  and  drivers  was  estimated. 
The  total  amounted  to  11  157  tons,  or  279  tons  per  square  foot  of  sur- 
face.    This  computation  conforms  with  Captain  F.  V.  Greene's  tables. 

A  recent  inspection  of  this  pavement  shows  that  it  is  in  good  condi- 
tion, presenting  a  fair  surface  for  a  pavement  under  such  a  heavy 
traffic,  yet  there  are  defects  which  a  careful  inspection  shows  were 
caused  by  poor  material.  All  of  the  bricks  are  chipped  on  the  upper 
surface,  leaving  a  smooth  surface  from  1  to  2  iuB.  in  width.  The  verti- 
cal chipping  was  from  J  to  J  in.  on  sound  brick,  and  on  some  soft 
brick,  2  ins. ,  yet  this  chipping  does  not  prevail  to  such  an  extent  as  to 
imjiair  the  usefulness  of  the  pavement.  I  noticed  a  few  depressions 
which  are  produced  by  soft  bricks.  There  are  five  depressions  about 
1  ft.  in  diameter  which  were  from  1  to  Ij  ins.  below  surface,  and  one 
6  ft.  long  and  1  ft.  wide,  1  in.  below  the  general  surface.  The  bricks 
at  each  point  could  be  cut  easily  with  a  knife.  The  adjacent  bricks 
presented  a  uniform  surface. 
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The  forces  causing  destruction  to  this  pavement  appear  to  be  due 
more  to  percussion  than  comi3ression.  The  greatest  amount  of 
chipping  occurred  at  a  point  where  the  heaviest  traffic  passed,  at  en- 
trance, which  would  be  longitudinal  with  layers.  The  next  in  import- 
ance was  noticed  at  points  where  the  horses  turned  in  backing,  which 
coincided  nearly  with  j)Osition  when  at  rest  during  loading. 

If  the  soft  bricks  were  replaced  with  sound  ones,  this  pavement 
will  endure  present  traffic  many  years  longer. 

The  bricks  comj)osing  this  pavement  were  made  in  Galesburg,  111. , 
but  are  generally  inferior  in  quality  to  the  j)aving  bricks  I  have  exam- 
ined from  that  locality. 

AiiBEET  Smith,  Assoc.  M.  Am.  Soc.  C.  E. — Mr.  Mead's  paper  will 
be  welcomed  by  municipal  engineers  as  a  valuable  addition  to  the 
literature  of  an  important  subject.  No  doubt  many  will  differ  with 
him  in  the  opinion  that  "  brick  will  eventually  outrival  granite  under 
the  heaviest  traffic,"  or  at  least  render  the  Scotch  verdict,  "Not 
proven  ";  but  its  value  where  the  traffic  is  moderate,  as  in  small  towns 
and  cities  and  the  residence  sections  of  large  cities,  has  already  been 
demonstrated.  I  would  not  be  understood  as  advising  its  indiscrim- 
inate use  in  all  such  places. 

It  is  at  all  times  the  duty  of  the  engineer  to  secure  the  best  results 
for  the  least  money,  and  while  in  some  places  the  price  of  good  pav- 
ing brick  is  such  as  to  make  this  the  natural  material,  there  are  other 
places  where  one  may  well  question  the  wisdom  of  its  use,  the  added 
freight  from  many  hundred  miles  of  railroad  haul  increasing  the  cost 
above  that  of  other  equally  good  material  which  can  perhaps  be  found 
near  at  hand. 

The  qualities  which  go  to  make  a  good  brick  pavement  are  essen- 
tially the  same  as  for  a  good  pavement  of  any  other  material.  The 
brick  form  the  surfacing  material  and  must  resist  the  abrasive  action 
of  the  wheel  and  the  horseshoe,  and  the  disintegrating  action  of  water 
and  frost.  The  comjjarative  ability  of  different  brick  to  resist  such 
abrasion  is  fairly  shown  by  the  rattler  or  tumbler  test.  Although  a 
rattler  can  be  found  at  any  foundry,  it  is  difficult  to  find  two  of  the 
same  size  or  run  at  the  same  speed;  therefore,  make  a  comparative 
test  with  some  well-known  brick  or  paving  stone.  You  will  certainly 
do  well  if  you  can  attain  the  standard  of  quality  set  by  F.  A.  Calkins, 
M.  Am.  Soc.  C.  E.  {Transactions  Am.  Soc.  C.  E.,  Vol.  XXVI,  page  391), 
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viz.,  first  quality,  abrasion  equal  to  granite;  second  quality,  abrasion 
tAvice  that  of  granite. 

Brick  should  be  tough  enough  to  stand  dumping  from  wagons ;  if 
they  do  not  stand  this  they  will  fare  badly  under  the  chipping  action 
of  a  horse's  shoe.  Brick  must  also  be  able  to  resist  the  action  of  frost, 
their  ability  to  do  so  varying  in  a  general  way  with  their  porosity;  but 
being  also  a  function  of  their  elasticity  or  toughness,  it  seems  probable 
that  an  amount  of  expansion  from  frost  which  would  result  in  the  dis- 
integration of  one  brick  might  not  jiroduce  strains  beyond  the  elastic 
limit  in  another  brick  composed  of  different  material.  My  experience 
has  been  that  a  maximum  limit  of  4:%  absorption  in  fire  clay  brick  and 
2"o  in  mixed  clay  or  shale  brick,  can  be  met  by  the  manufacturer,  and 
that  within  such  limits  little  trouble  is  to  be  apprehended  on  that 
score.  A  prime  requisite  is  uniformity  in  mixing,  molding,  and 
burning.  All  clays  must  be  thoroughly  rolled  or  ground,  and  should 
be  molded  so  as  to  be  as  free  as  possible  from  lamination.  Great  care 
is  necessary  in  the  burning.  If  the  brick  are  raised  to  too  high  a  heat 
before  the  "water  smoke"  is  driven  off,  various  defects  arise.  First, 
cracked  or  "checked"  brick;  second,  "scalded"  brick,  showing  a  dis- 
colored core,  generally  blue;  third,  "bloaters,"  or  swelled  brick.  The 
next  stage  is  the  burning  projier,  and  must  be  continued  long  enough 
to  burn  the  brick  clear  through.  A  failure  to  do  this  will  leave  an 
unburned  central  core  differing  in  shade,  but  not  in  color,  from  the 
outside  surface.  A  brick  with  a  core,  either  from  scalding  or  under 
burning,  is  necessarily  an  imperfect  brick.  Not  only  is  there  a  failure 
to  develop  the  full  strength  of  the  material,  but  the  lack  of  uniformity 
necessarily  induces  strains  within  the  brick  itself,  thereby  tending 
towards  its  own  destruction. 

The  third  stage  is  the  annealing  or  slow  cooling.  If  this  is  pro- 
perly done,  the  brick,  although  vitrified  or  glassy  in  structure,  wiU 
have  a  proper  degree  of  toughness.  If  cooled  too  quickly,  they  will  be 
brittle,  a  great  many  will  be  damaged  in  handling,  and  they  will  be 
liable  to  chip  up  under  the  action  of  the  horse-shoe. 

I  see  no  advantage  in  round-cornered  brick,  nor  is  the  repressed 
paver,  as  ordinarily  put  on  the  market,  superior  to  the  ordinary  paver 
in  aught  but  shape.  The  pressure  given  is  only  enough  to  true  uj)  the 
brick,  but  not  to  compact  it  to  any  appreciable  extent.  They  stand 
handling  somewhat  better  and  lay  closer  together  in  the  street,  but,  so 
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far  as  I  have  tested  them,  are  not  quite  as  strong  as  the  unpressed 
brick  made  by  the  same  manufacturers.  Ai^parently  the  superficial 
layer  affected  by  repressing  defeats  the  very  object  aimed  at,  i.  e.,  uni- 
formity of  structure.  These  remarks  would  not  apply  if  the  pressure 
were  greater.  The  immense  pressures  put  u.pon  electric  light  carbons, 
emery  wheels,  corundum  wheels,  etc.,  certainly  have  a  good  effect. 
These  i^ressures  run  ui^  as  high  as  2  tons  per  square  inch,  and  thus 
assure  a  uniformly  dense  material. 

Austin  T.  Byrne  in  his  excellent  book  on  highway  construction 
(page  152)  says:  "The  foundation  should  in  all  cases  be  formed  of 
cement  concrete,"  and  some  others  hold  the  same  opinion.  One  might 
as  well  say  that  all  railroads  should  be  double  tracked  and  laid  with 
90-lb.  rails.  There  is  no  doubting  the  fact  that  a  good  concrete 
foundation  will  make  a  better  street  than  any  fragmentary  construc- 
tion, but  there  are  many  places  where  the  traffic  can  be  sustained  on  a 
much  cheajjer  base  (as  witness  Table  No.  8,  given  by  Mr.  Mead). 

In  this  list  nine  towns  and  cities  are  reported  as  using  concrete 
wholly;  four  use  it  to  some  extent,  while  thirty  use  fragmentary 
materials  according  to  their  local  availability.  Personally  I  have 
known  very  good  results,  both  from  gravel  and  broken  stone  founda- 
tions; but  have  had  no  experience  with  a  sand  foundation,  either  in 
connection  with  tarred  boards  or  an  additional  course  of  brick  laid 
flatwise. 

A  question  frequently  asked  is,  ' '  On  how  steep  a  grade  can  brick 
pavement  be  used  with  safety?"  The  steejDest  instance  within  my 
personal  knowledge  is  that  of  Main  Street,  "Washington,  Penn.,  where 
a  maximum  of  11%"  is  reached  and  no  trouble  experienced. 
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PRINCIPLES  FOR  THE  LAYING  OUT  OF  CITIES. 
DISCUSSION  ON  PAPER  No.  632.* 


By  James  Owen. 

James  Owen,  M.  Am.  Soc.  C.  E. — There  are  two  points  about  Mr. 
Stiibben's  paper  which  are  very  forcible  and  striking:  1st,  that  the 
theoretic  principles  enunciated  therein  are  so  in  accord  with  the  ideal 
practices  aimed  at,  but  perhaps  not  adopted,  in  this  country;  and, 
2d,  that  the  writer,  with  the  surroundings  of  European  practices, 
where  haphazard  extension  from  an  accidental  nucleus  is  so  much  in 
vogue,  should  have  been  enabled  to  divest  himself  of  the  influence  of 
environment  and  so  enunciate  the  doctrines  that  he  has. 

In  a  new  country,  such  as  this  is,  the  possibilities  of  ideal  mural 
development  are  infinite  and  unfortunately  seldom  realized;  in  Europe 
such  development  is  in  spite  of  tradition  and  the  habits  and  ideas  of 
centuries. 

There  are,  however,  principles  enunciated  by  Mr.  Stiibben  in  his 
paper  that,  with  the  present  ideas  of  city  transit  and  with  its  possible 
future  development,  seem  open  to  criticism,  and  I  wish  to  call  particu- 

*"  Practical  and  Esthetic  Principles  for  the  Laying  Out  of  Cities."  By  J.  Stiibben, 
Baurath  and  Asst.  Burgomaster  at  Cologne,  Germany.    Transactions,  Vol.  XXIX,  page  718. 


592  DISCUSSION"  oir  the  latiistg  out  of  cities. 

lar  attention  to  the  matter,  as,  with  the  experience  in  large  cities  for 
the  last  few  years  for  the  proper  service  of  vehicular  and  traction 
travel,  a  partial  abandonment  of  old  ideas  seems  necessary. 

In  the  laying  out  of  any  city  two  main  factors  enter  into  consideration 
— suitable  location  for  dwellings  and  buildings,  and  ease  of  access  from 
and  to  these  buildings  for  the  general  population.  It  therefore  fol- 
lows that,  considering  only  the  dwellings  themselves,  a  rectilinear  sys- 
tem is  all  that  is  required,  making  all  blocks  square,  and,  of  necessity, 
all  buildings  the  same.  As  against  this  is  the  desire  of  the  traveling 
public  to  get  to  its  destination  in  the  most  direct  line,  and  the  recti- 
linear system  does  not,  on  the  average,  allow  this.  As  a  relief  to  the 
necessity  of  traveling  two  sides  of  a  triangle,  radiating  streets  are 
introduced,  and,  in  many  of  the  cities  of  this  country,  are  in  use,  and 
in  a  few  cases,  like  the  city  of  Washington,  a  series  of  intersecting 
radial  avenues  from  different  nuclei  were  constructed.  This,  while 
thoroughly  accommodating  the  traveling  i^ublic,  sacrifices  the  land  for 
building  purposes,  leaving  many  goring  lots  and  impairing  their 
Value. 

With  the  growth  of  rapid  transit  and  the  cheapness  of  fares  the  neces- 
sity for  radial  avenues  decreases  in  a  marked  degree,  in  consequence  of 
the  ability  of  more  people  to  ride  than  previously;  and  so,  only  such 
radiating  streets  as  are  necessary  for  the  rapid  transit  should  be  con- 
structed, and,  by  that,  more  of  the  rectilinear  system  preserved.  In 
laying  and  constructing  such  main  arteries,  new  ideas  will  have  to  be 
in  vogue  to  properly  subserve  a  general  interest.  As  it  is  now,  we 
have  the  riding,  driving  and  walking  public  to  consider.  All  have 
their  rights,  and  all  should  be  considered.  So  far  the  walking  public 
has  been  unmolested.  The  driving  public  now,  with  cable  and  trolley 
roads,  is  driven  out  of  the  main  avenues  of  travel,  and  the  riding 
public  is  supreme. 

An  inspection  of  the  condition  of  the  streets  of  Chicago  at  the  pres- 
ent time  will  illustrate  the  force  of  the  statement;  trains  of  cable  cars 
careening  through  the  main  streets  of  the  city,  ruthlessly  forcing  aside 
all  other  travel  on  it,  do  not  constitute  a  condition  that  may  be  consid- 
ered ideal.  Take  the  city  of  Boston,  in  its  present  congested  condition 
near  the  Common,  and  vehicular  travel  is  almost  out  of  the  question. 

It  may  be  urged  that  such  a  condition  is  tentative,  and  that  a 
proper  solution  of  the  rapid  transit  problem  in  all  such  cities  will 
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remove  the  congestion.  In  answer  to  this,  the  reply  is  that,  so  far, 
human  invention  has  not  been  able  to  keep  up  with  demands  of  loco- 
motion in  cities,  and,  as  long  as  their  population  keeps  increasing, 
will  probably  not  do  so. 

The  ideal  street  in  the  future  must  therefore  consider  all  re- 
quirements— so  much  for  foot  travel,  so  much  for  vehicles  standing, 
and  so  much  for  vehicles  moving,  and  so  much  for  cars  that  are  pro- 
pelled. To  accommodate  all,  more  room  than  has  as  yet  been  consid- 
ered requisite  must  be  allowed.  The  extension  of  Beacon  Street,  Bos- 
ton, into  Brookline  is  an  instance  of  about  what  is  necessary.  It  is 
150  ft.  wide,  and  about  fills  present  requirements,  and  in  any  new 
city  development  a  width  of  main  arterial  street  less  than  150  ft. 
should  not  be  considered. 

There  are  many  other  points  in  Mr.  Stiibben's  paj^er  worthy  of 
allusion,  but  I  merely  wish  to  call  particular  attention  to  what  I  con- 
sider a  vital  point. 
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MANUFACTURE    AND    TESTING    OF    PORTLAND 

CEMENT.— DISCUSSION  ON  PAPERS 

Nos.  633*  AND  634.t 


By  D.  J.  Whittemoke,  R.  W.  Lesley,  WiLiiiAM  Mxjekat  BiiACK,  Sir 
Benjamin  Bakee,  Walter  Egbert  Kintpple,  John  Purser  Grtf- 
ITTH  and  Henry  Faija. 


D.  J.  Whittemore,  Past  President  Am.  Soc.  C.  E. — While  not  pre- 
pared to  discuss  tlie  able  papers  under  consideration,  I  wish  to  call  your 
attention  to  the  elaborate  paper  written  by  Captain  Maclay  and  read 
before  the  Society  at  a  recent  meeting,  advocating  certain  severe  tests 
not  generally  advised  either  in  England  or  Germany.  My  own  opinion 
is,  that  the  boiling  is  of  little  or  no  value  in  determining  the  ultimate 
quality.  The  effect  of  immersion  in  warm  water  is  to  increase  activity 
of  induration ;  but  when  immersion  takes  place  in  boiling  water,  the 
steam  generated  in  uncombined  water  in  the  immersed  specimen  may, 
and  probably  does,  produce  a  disruptive  effect  upon  the  best  cements. 
American  engineers  wish  to  secure  a  uniform  cement,  and  one  that  is 
finely  ground.     It  is,  I  think,  a  question  whether  we  should  test  ce- 

*  "The  Testing  of  Portland  Cement  and  the  Development  of  the  Cement  Industry  in 
Germany."    By  Max  Gary,  C.  E.,  Berlin,  Germany.     Transactions,  Vol.  XXX,  page  1. 

t  "On  the  Minuf;icture  and  Testing  of  Portland  Cement."  By  Henry  Faija,  M.  Inst. 
C.  E.     Transactions,  Vol.  XXX,  page  43. 


DISCUSSION    ON    TESTING    OF    PORTLAND   CEMENT.  595 

ments  by  compression,  and  not  rely  entirely  upon  tensile  tests.  If  -we 
wished  to  ascertain  wliat  a  man  could  sustain  on  his  shoulders,  we  would 
not  attempt  to  ascertain  the  tensile  strength  of  his  neck.  Cements  are 
generally  used  in  compression,  and  more  tests  of  that  nature  should  be 
had.  While  the  ratio  between  the  tensile  and  compressive  strength  of 
Portland  cement  ajjisears  to  be  practically  constant,  this  is  not  the  case 
with  many  of  our  natural  cements  of  America. 

In  conclusion,  I  wish  to  say,  that  it  is  my  belief  that  the  quality  of 
Portland  cement  has  not  materially  changed  or  been  improved  since 
the  close  of  the  investigations  of  the  late  John  Grant,  M.  I.  C.  E.,  were 
published.  As  I  now  remember  it,  he  established  that  the  cement  he 
used  in  the  metropolitan  works  of  London  should  withstand  a  tensile 
strain  of  250  lbs.  per  square  inch  at  the  age  of  seven  days,  the  last 
six  being  in  water,  while  it  is  a  common  practice  in  this  country  to 
exact  a  tensile  strength  of  375  lbs.  per  square  inch.  In  explanation  of 
this  apparent  difference  in  the  demands,  with,  as  I  believe,  no  great 
difference  in  quality,  I  wish  to  say  that  Grant's  tests  were  made  on  spe- 
cimens having  a  breaking  area  of  1^  x  Ij  ins.,  or  an  area  of  2^  sq.  ins. ; 
while  tests,  both  in  England  and  America,  are  now  made  on  briquettes 
having  an  area  of  1  sq.  in.  Perhaps  it  will  be  borne  in  mind  by  some 
of  our  members  that  in  a  paper  read  before  this  Society  by  myself 
some  years  ago,  it  was  shown  that  briquettes  of  the  same  cement,  hav- 
ing breaking  sections  varying  from  2^  to  ^  sq.  ins.,  the  unit  of  measure 
of  strength  was  not  the  area,  but  the  periphery,  of  the  breaking  sec- 
tion, that  is  to  say,  that  the  total  strength  of  briquettes  of  different 
sizes,  but  of  the  same  cement,  when  divided  by  the  length  of  the  cir- 
cumscribing line  of  the  breaking  section,  gave  approximately  the  same 
resulting  quotient.  This  being  the  case,  then  Grant's  requirement  of 
250  lbs.  per  square  inch  for  2i-in.  area  of  breaking  section  would  be  as 
severe  as  a  demand  of  375  lbs.  for  a  section  of  1  in.  square.  This  being 
the  case,  is  of  itself  a  strong  argument  for  the  establishment  of  a  univer-" 
sal  standard  briquette. 

To  some  considerable  extent  the  same  rule  holds  good  in  the  tests 
of  stone,  brick,  glass,  and  other  substances  of  a  brittle  nature,  when 
tested  in  short  lengths. 

R.  W.  Lesley,  Assoc.  Am.  Soc.  C.  E.  —In  discussing  the  two  pajjers 
which  have  just  been  read,  and  the  comments  that  have  been  made  upon 
them  by  Mr.  Whittemore,  there  seems  to  me  to  be  quite  a  number  of 
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matters  that  are  of  considerable  interest,  and  I  should  like  to  call 
attention  to  several  of  them. 

In  the  first  place,  upon  the  question  of  hot  tests,  I  would  say,  com- 
menting upon  what  has  just  been  said  by  Mr.  Whittemore,  that  he  is 
entirely  right  in  his  assertion  that  the  paper  of  Captain  Maclay  has  set 
forth  a  violent  test  for  Portland  cement,  and  one  which  controverts  the 
practice  of  the  Germans  and  also  the  leading  authorities  in  England. 
This  is  not  only  the  case  so  far  as  concerns  the  first  consideration  of 
the  subject  by  the  Society  of  German  Cement  Manufacturers,  but  is 
also  the  case  as  to  their  later  tests.  The  question  has  been  the  subject 
of  their  consideration  for  three  years,  and  in  the  last  Proceedings  of 
that  Society,  of  which  Mr.  Gary  is  a  member,  the  Association  has  just 
resolved,  after  further  investigation,  to  adhere  to  its  regular  cold  water 
test  and  to  dispense  with  any  boiling  test.  These  results  have  been 
arrived  at  after  a  series  of  tests  covering  a  period  of  nearly  five  years, 
and  are  the  final  conclusion  of  the  leading  society  of  this  character  in 
the  world. 

In  connection  with  this  German  society,  which  in  some  of  the  papers 
upon  the  boiling  test  has  been  stated  to  be  governed  in  its  adoption  of 
tests  by  the  "financial  interest,"  as  though  it  were  an  association 
of  manufacturers  only,  it  may  be  stated,  and  its  jjroceedings  show, 
that  at  all  the  meetings  the  German  government  is  represented  by  its 
Director  of  Testing  Department  for  Building  Materials,  as  well  as  by 
representatives  from  public  works,  post  office  and  other  dejiartments 
of  the  German  government,  and  that  furthermore  the  standard  tests 
adopted  by  that  society  are  recognized  by  the  Minister  of  Public  Works 
in  Germany  as  the  official  test  in  that  country. 

The  oi^inion  of  Mr.  Paija,  who  is  one  of  the  leading  authorities  in 
England  upon  this  subject,  also  practically  sustains  the  same  view.  His 
test  is  a  very  simple  one  so  far  as  any  heat  is  concerned,  and  it  sug- 
gests that  the  pats  of  cement,  when  made,  shall  be  put  upon  a  little 
shelf  in  a  closed  tin  vessel,  where  moisture  is  arising  from  water  kept 
at  a  temperature  of  about  116°  Fahr.,  and  that,  after  a  few  hours  of  this 
exposiire,  these  pats  shall  be  placed  in  water  at  about  116°  Fahr.,  and 
shall,  after  12  to  15  hours  of  this  treatment,  be  examined  for  checking. 
The  effect  of  this  test  is  almost  the  same  as  covering  briquettes  with  a 
damp  cloth  in  sunlight,  and  is  certainly  a  test  that  is  efficacious  so  far 
as  determining  the  quality  of  cement  is  concerned,  while  on  the  other 
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hand  it  is  not  destructive,  as  are  the  accelerated  tests  in  the  various 
papers  read  on  this  subject  by  Captain  Maclay  and  other  cement  chem- 
ists, as  distinguished  from  engineers.  In  order  to  determine  the  effect 
of  the  test  described  by  Mr.  Faija,  and  of  the  method  described  by  Mr. 
Maclay,  I  took  a  well-prepared  Portland  cement  clinker,  grinding  it  to 
a  fineness  to  pass  90^^  on  a  10  000-mesh  sieve,  made  the  material  into 
pats,  and  put  the  pats  through  both  modes — ^those  of  Faija  and  those 
described  by  Captain  Maclay.  The  tests  show,  as  I  have  always 
claimed,  that  there  is  a  time  in  the  chemical  setting  of  cement,  when, 
if  there  is  any  extraneous  influence  brought  to  bear  upon  the  cement 
at  the  particular  moment  mentioned,  the  setting  is  retarded,  some- 
times entirely  prevented,  and  sometimes  driven  into  violent  action. 

In  the  test  described  by  Captain  Maclay,  four  i)ats  are  made  which 
are  put  into  the  water  at  various  periods.  One  of  these  pats  is  placed 
in  a  steam  bath,  temperature  195  to  200^  Fahr. ,  as  soon  as  it  is  made. 
The  second  pat  is  placed  in  the  steam  bath  as  soon  as  it  is  set  hard  and 
can  bear  the  1-lb.  wire.  The  third  pat  is  placed  in  the  steam  bath  after 
double  the  interval  has  elapsed  that  it  took  the  jjats  to  set  hard,  count- 
ing from  the  time  of  gauging.  The  fourth  pat  is  placed  in  the  steam 
bath  at  the  end  of  24  hours.  The  four  pats  are  each  kept  in  the  steam 
bath  three  hours,  then  immersed  in  water  of  a  temperature  of  about 
200°  Fahr.  for  24  hours  each,  when  they  are  taken  out  and  examined. 
Out  of  these  pats  which  were  exposed  to  tests  under  this  method,  none 
showed  any  disintegration  except  the  third  pat,  which  had  been  left  in 
air  two  hours  and  then  in  water;  whereas,  the  pats  made  with  the  same 
cement,  tested  under  Mr.  Faija's  method  and  subjected  to  the  slow 
moist  heat,  then  to  water  at  116°  Fahr,  showed  no  disintegration 
whatever.  From  these  facts  I  am  of  opinion  that  the  accelerated  test 
above  mentioned  certainly  is  not  as  fair  to  the  cement  as  the  test  sug- 
gested by  Mr.  Faija.  In  other  words,  as  we  all  know,  if  there  is  one 
thing  that  no  man  can  give  an  opinion  on,  it  is  the  exact  moment  when 
the  cement  sets — one  can  say  it  can  be  told  by  the  needle;  this  needle 
can  be  pressed  upon  the  pat  within  ten  minutes  after  set,  or  within  an 
hour  after  setting.  Another  will  say  that  the  set  can  be  told  by  tap- 
ping the  cement  with  the  nail— this  nail  may  be  long  or  it  may  be 
short,  and  there  is  an  equal  uncertainty  about  the  moment  of  setting. 
The  whole  action  of  setting  is  a  chemical  one,  and  there  is  a  moment 
in  the  chemical  setting  of  cement,  as  the  experiments  above  referred 
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to  show,  when,  if  the  cement  is  disturbed,  it  will  not  give  the  result; 
and  for  this  reason,  it  seems  to  me  that  boiling  pats  at  high  tempera- 
tures will  never  give  absolutely  correct  results  and  this  test  should 
certainly  not  be  adopted  from  the  authorities  so  far  before  us. 

As  against  this,  the  German  report  follows  out  a  series  of  experi- 
ments made  by' the  Society,  and  gives  results  of  these  experiments  and 
the  effect  which  followed  the  boiling  test,  the  record  of  the  cements 
which  had  stood  all  the  requirements  in  water,  air  and  in  the  work, 
and  yet  which  had  failed  to  stand  the  accelerated  test.  It  follows  out 
these  results  carried  out  at  three  years,  and  also  the  result  of  other 
cements,  which  had  failed  to  stand  the  boiling  test,  carried  out  to  a 
longer  period. 

The  same  matter  of  accelerated  tests  has  been  up  before  the  French 
Society  of  Engineers  of  the  Ponts  et  Chaussees,  in  France,  where  it  was 
sought  to  introduce  such  a  test  as  one  of  the  elements  of  the  standard 
specifications  for  work  in  that  country,  and,  at  a  late  meeting,  the 
French  authorities  reported  against  an  adoption  of  such  test,  so  that 
upon  the  broad  principle  of  the  adoj^tion  of  accelerated  tests  in  this 
country,  we  are  left  with  the  fact  that  the  consensus  of  opinion  of  the 
German  government,  the  French  government,  and  the  leading  cement 
authorities  in  England,  together  with  the  suggested  specifications  of 
the  American  Society  of  Civil  Engineers  in  our  country,  is  all  against 
the  adoption  of  any  such  test. 

It  is  a  very  gratifying  thing  to  find  that  Mr.  Gary,  Mr.  Faija  and 
Mr.  Whittemore  all  agree  in  their  views  as  to  the  use  of  this  boiling 
test,  and,  as  engineers,  sustain  the  views  of  engineers  upon  this  subject, 
as  against  the  exijerimental  laboratory  tests  that  have  been  suggested. 

Referring  briefly  to  some  of  the  points  in  Mr.  Faija's  paper,  his 
specification  seems  to  be  a  very  fair  one,  inasmuch  as  it  requires  a 
cement  of  moderate  tensile  strength  at  seven  days.  This  would  enable 
the  manufacturer  to  make  fine  ground  cement,  which  in  the  neat  tests 
will  not  test  as  high  as  the  coarser  ground  cement  made  with  the  same 
clinker,  but  will  test  high  in  sand  mortar.  In  the  matter  of  grinding, 
the  American  manufacturers  ai*e  following  the  Germans  rather  than  the 
English,  and  the  bulk  of  American  Portland  cement  "w-ill  pass  90  to  95 "q" 
on  a  10  000-mesh  sieve;  results  of  this  cement  would  show  on  a  1-in. 
section  about  300  to  350  lbs.  at  seven  days  neat,  and  from  200  to  300 
lbs.  at  seven  days  in  2  to  1  sand  mortar;  the  sand  mortar  showing  the 
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sand  carrying  effect  of  the  fine  grinding,  while  the  l6w  figures  in  the 
neat  test  are  due  to  the  same  cause,  which  usually  retards  the  neat 
test. 

Mr.  Faija's  paper  gives  a  very  interesting  description  of  the  various 
kinds  of  machinery  in  use  in  England,  and,  in  connection  with  this 
matter  of  fine  grinding,  he  makes  some  comparisons  between  stone 
mills  and  iron  mills.  In  this  country  we  have  solved  the  problem  of 
grinding  cement  by  the  use  of  iron  mills,  which  certainly  grind  a  larger 
quantity  and  give  more  satisfaction  in  the  manufactured  product  than 
stone  mills  do.  We  have  also  overcome  the  objection  to  mill  stones 
suggested  by  Mr.  Faija,  viz.,  that  of  having  one  stone  always  up  being 
dressed,  because  in  the  cement  mills  in  this  country  all  the  mill-stones 
are  made  interchangeable,  and,  by  having  one  extra  pair  of  stones,  all 
the  mills  may  be  run  and  still  a  pair  of  stones  be  dressing,  the  loss  of 
time  being  only  the  moment  of  taking  one  pair  of  stones  out  and  put- 
ting in  the  other. 

In  our  practice  here,  we  have  also  overcome  the  difficulty  of  making 
the  brick  too  dense  for  burning,  which  Mr.  Faija  states  is  the  difficulty 
that  arises  in  making  brick  in  brick  machines.  By  our  practice  we 
find  it  is  better  to  take  the  raw  material,  and,  after  pugging,  to  spread 
it  on  floors  and  then  cut  it  by  hand.  This  makes  more  porous  brick 
than  those  made  by  machine,  and,  at  the  same  time,  makes  brick  in  the 
best  possible  shape  for  burning. 

One  of  the  most  interesting  things  in  connection  with  sand  tests  of 
cement,  and  one  which  possibly  few  engineers  have  thought  of,  is  that 
the  effect  of  the  sand  test  is  not  only  to  get  the  result  of  a  cement,  but 
also  to  get  the  result  of  the  sand  actually  used  or  to  be  used  in  the  work; 
that  is  to  say,  while  a  series  of  tests  of  a  number  of  cements  with  the 
standard  sand  of  the  Aijierican  Society  will  give  the  varying  elements 
of  the  several  cements  used,  so  a  series  of  tests  with  different  sands 
made  with  a  single  established  brand  of  cement  will  give  the  compara- 
tive results  of  the  vai'ious  sands  proposed  to  be  used.  Interesting  ex- 
periments of  this  character  were  made  with  certain  red  sand  used  in 
the  brickwork  of  the  Niagara  Tunnel,  and  tested  on  a  comparative  basis 
with  the  standard  sand  of  the  American  Society.  Similar  tests  of  the 
same  character  have  been  made  on  the  New  York  Aqueduct,  the  ma- 
jority of  briquettes  especially  referred  to  in  i^aper  on  the  Sodom  Dam, 
read  by  Mr.  W.  McCulloh,  being  made  with  sand  actually  used  in  the 
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work,  and  many  others  being  taken  and  made  direct  from  the  mortar  in 
the  mortar-boxes.  At  one  of  the  Scranton  dams,  near  the  city  of  Scran- 
ton,  Penn.,  there  was  a  great  deal  of  trouble  about  the  sand,  and  work 
was  suspended  at  one  time  while  the  matter  was  being  investigated.  The 
sand  at  that  time  was  being  brought  from  some  distance  to  the  work, 
and  a  suggestion  was  made  to  test  the  sand  found  in  a  hill  near  by. 
As  a  result  of  the  experiment,  all  the  sand  being  tested  with  the  same 
cement,  and  a  similar  set  of  tests  being  made  with  the  standard  sand 
of  the  American  Society,  in  which  the  same  cement  was  used — results 
were  arrived  at  that  showed  that  the  sand  near  the  work  was  very  much 
better  than  the  sand  that  was  being  brought  from  a  distance,  and  by 
comparison  between  it  and  the  sand  of  the  American  Society  there  was 
very  little  difference.  In  this  way  a  large  amount  of  money  was  saved 
the  contractors  in  their  work. 

Some  remarks  have  been  made  in  Mr.  Gary's  paper  in  the  matter 
of  abrasive  tests  of  cement,  and  machinery  for  the  purpose  of 
making  these  tests  has  been  fully  described  by  him.  In  this  coun- 
try, the  question  of  abrasive  tests  for  cement  came  up  in  connection 
with  the  Niagara  Tunnel,  where  a  large  body  of  water  was  to  be 
dropped  at  a  certain  point  in  the  tunnel,  and  the  best  proportioned 
mortar  was  desired  for  use  in  that  connection.  Dr.  Coleman  Sellers 
took  the  matter  in  hand  and  made  a  number  of  experiments,  to 
arrive  at  the  best  results  in  this  direction.  The  method  used  by  him, 
and  which  he  will  no  doubt  describe  in  proper  time,  was  by  means  of  a 
sand  blast,  and  the  results  of  his  experiments  were  very  much  in  the 
same  lines  as  those  shown  by  Mr.  Gary. 

Another  thing  which  may  be  of  interest  is  the  diffei'ence  in  the 
several  machines  for  testing  tensile  strain.  The  German  machine  and 
the  Fairbanks  machine  are  very  much  alike,  being  automatic  and  hav- 
ing shot  running  into  a  bucket  at  a  uniform  rate  of  speed,  the  break- 
ing of  the  briquette  causing  the  bucket  to  drop  and  thus  cut  off 
the  supply  of  shot.  The  bucket  is  then  weighed,  and  the  strain  is 
registered  on  the  scale.  The  other  machines  largely  in  use  in  this 
country  are  the  Riehle  and  Olsen  machines.  These  machines  consist 
of  a  long  beam,  at  one  end  of  which  is  the  briquette,  and  at  the  other 
end  of  which  is  a  fixed  weight.  On  the  beam  on  which  the  pounds  are 
registered  is  a  movable  weight.  In  manipulating  the  machine,  the 
operator  uses  one  hand  to  turn  the  screw  below  the  briquette  so  as  to 
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tighten  it  up  and  with  the  other  pulls  the  weight  along  the  beam, 
keeping  his  eye  on  the  needle  so  that  the  strain  may  be  kept  even 
throughout.  These  machines  on  long-time  briquettes,  give  better 
and  more  uniform  results  than  the  shot  machines,  but  on  short-time 
briquettes,  owing  to  the  personal  equation  of  the  operator,  very 
frequently  give  incorrect  figures.  In  the  testing  laboratory  of 
Booth,  Garrett  &  Blair,  in  the  city  of  Philadelphia,  a  very  interest- 
ing improvement  has  been  made  to  one  of  these  beam  machines, 
in  order  to  make  the  work  of  the  machine  more  uniform.  In 
this  device  a  grooved  wheel  has  been  substituted  for  the  hand 
wheel,  by  which  the  operator  applies  tension  to  the  briquettes  ; 
a  cord  runs  in  the  groove  and  from  it  around  a  pulley  on  another 
shaft  suitably  placed.  Motion  is  given  to  this  shaft  by  means  of 
of  a  disc  sliding  on  a  feather  on  the  shaft.  The  disc's  rim  bears  on 
the  face  of  another  disc  at  right  angles.  The  shaft  which  carries  this 
second  disc  runs  steadily  by  power,  but,  by  shifting  the  rim  of  the  first 
disc  across  the  face  of  the  second,  the  speed  of  the  pulley-shaft  can  be 
changed  at  pleasure,  from  fast  to  slow,  or  to  the  dead  center.  The 
weight  can  thus  be  applied  to  the  wheel  at  the  rate  of  400  lbs.  per 
minute,  and  the  operator  simply  has  to  turn  the  small  wheel  that 
draws  the  weight  along  the  scale  beam.  Briquettes  broken  on  the 
machine  thus  operated  show  a  breaking  almost  uniformly  at  the 
central  section,  and  show  average  results  considerably  better  than  on 
the  same  machine  operated  entirely  by  hand. 

WrLiiiAM  MuKEAY  Black,  M.  Am.  Soc.  C.  E. — I  desire  to  invite  the 
attention  of  the  Society  to  the  necessity  for  tests  for  the  relative  value 
of  different  brands  of  cement  for  sea  work.  I  was  in  charge  of  some 
work  in  St.  Augustine,  Fla.  There,  you  may  know,  the  sea  water  is 
very  salt  and  the  heat  of  summer  very  intense.  In  1886  we  had  to  do 
some  work  with  Portland  cement  concrete  in  air  and  in  water.  The 
cement  that  we  had  was  an  English  Portland,  and  stood  all  the  usual 
tests.  The  sand  that  we  used  was  very  fine,  but  a  sand  that  afterwards 
gave  very  good  results  indeed.  It  was  almost  entirely  silica.  The 
only  coarse  material  that  we  had  there  was  shell.  In  that  vicinity 
there  are  large  banks  of  broken  shell,  called  coquina  gravel,  and  that 
material  was  used  because  stone  could  not  be  obtained  without  too 
great  expense.  The  proportions  used  were  1  of  cement,  2  of  sand, 
and  4  of  shell.     The  concrete  was  used  in  three  places  ;  first,  in  an 


602  DISCUSSION"  ON  TESTING   OF   PORTLAND   CEMENT. 

arch  in  air ;  second,  at  the  foot  of  a  sea-wall,  which  was  exposed  at 
low  water  ;  and  third,  in  some  blocks  which  were  made  for  tests,  made 
in  air  and  left  to  dry  in  air  for  a  week,  and  afterwards  placed  in  sea 
water.  The  arch  in  air  rapidly  became  very  hard.  After  two  years  I 
was  obliged  to  drill  a  hole  through  it,  and  it  was  as  good  concrete  as 
any  one  could  desire.  At  the  same  time  it  became  necessary  to  exca- 
vate at  the  foot  of  the  sea-wall.  We  found  the  concrete  there  very 
soft.  I  then  took  up  the  test  blocks  that  had  been  lying  near  by  in 
the  sea  and  examined  them.  The  concrete  of  the  test  blocks  and  of 
the  sea-wall  had  become  very  soft,  looked  like  scoria  in  texture  and 
the  color  had  changed.  I  had  the  matter  investigated  as  well  as  I 
could,  but  could  not  determine  the  cause  for  the  change,  and  could 
not  find  any  test  that  would  enable  me  to  guard  against  future  deterior- 
ation in  similar  work.  The  only  thing  I  found  it  possible  to  do  to 
guard  against  such  deterioration  was  to  call  for  and  use  some  brand  of 
cement  which  had  stood  successfully  under  similar  conditions  for  five 
years.  I  doubt  not  that  a  large  amount  of  concrete  of  the  foundations 
of  sea-walls  is  practically  worthless.  As  concrete  in  foundations  is  sub- 
jected to  compression  strains,  and  as  the  strength  is  generally  well 
within  the  factor  of  safety,  this  may  not  be  discovered.  I  found  that 
engineers  whom  I  interrogated  on  this  subject  generally  could  not 
tell  me  anything  about  the  later  state  of  the  concrete  they  had  used 
under  such  conditions. 

Another  instance  of  concrete  softening  might  well  be  noted.     The 
concrete  foundations  of  Forts  Taylor  and  Jefferson  were  laid  about 
1856.     This  concrete   was  made   with  Rosendale   cement,    calcareous 
sand  and  shell.     Aboiit  1876  a  portion  of  the  sea-wall  at  Key  West 
was  repaired  with  concrete  of  the  same  materials.     Portions  of  this 
concrete  are  covered  at  high  water;  when  the  water  falls,  small  puddles 
are  left  at  any  places  where  it  will  lodge,  and  is  acted  upon  by  a  very 
hot  sun.  Along  the  top  of  the  wall  where  these  puddles  are  found,  you 
can  take  a  penknife  and  sink  it  in  the  concrete  to  the  length  of  the  blade; 
along  the  side  of  the  wall  where  the  water  does  not  stand,  the  skin  is 
left  on,  and  the  concrete  is  hard.     We  had  another  experience  when  in 
Florida    which    shows  the  strength  of   concrete  necessary  to   resist 
abrasion  by  wave  action,  in  joutting  in  some  concrete  just  at  a  point 
where  it  would  be  exposed  to  surf  at  every  high  tide.     It  was  placed 
at  low  water.     The  concrete  was  made  in  blocks  and  protected  by 
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strong  boxing.  About  a  daj  and  a  half  after  we  got  the  blocks  in  we 
found  that  a  portion  of  the  boxing  had  been  torn  off  during  a  heavy 
gale.  We  had  made  quite  a  number  of  test  pieces  of  the  same  con- 
crete at  the  same  time,  and  these  were  kept  under  conditions  quite 
similar  to  those  to  which  the  walls  would  be  exposed.  We  removed 
the  remaining  boxing  from  the  block  of  concrete  after  a  week  and 
found  that  the  surf  had  cut  in  in  some  portions  and  that  other 
portions  of  the  block  were  perfectly  solid.  In  testing  the  concrete 
test  blocks,  we  found  that  wherever  the  concrete  had  not  attained  a 
tensile  strength  of  30  lbs.  per  square  inch  before  exposure  to  the  waves, 
it  was  abraded  ;  where  it  had  attained  to  30  lbs.  per  square  inch  be- 
fore exposure,  it  was  intact. 

Sir  Benjamin  Bakee,  Vice-President  M.  I.  C.  E. — Mr.  President,  I 
think  that  although  the  literature  on  this  matter  would  fill  this  room, 
still  engineers  are  not  in  accord  upon  the  subject.  The  Manchester 
Ship  Canal  and  the  Liverpool  Water  Works  are  instances  ;  the  speci- 
fications require  the  tensile  strength  to  be  at  least  80jJ^  higher  in  the 
one  case  than  in  the  other.  I  know  both  works,  and  on  the  ship  canal 
there  are  some  hundreds  of  thousands  of  tons  of  cement.  I  paid  a 
visit  of  inspection  just  before  I  came  over  and  carefully  examined  all 
the  great  works  of  the  docks  and  sluices,  retaining  walls,  inverts  and 
locks,  and  I  failed  to  find  cracks,  except  in  some  places  where  they 
would  generally  be  found,  namely,  at  the  outside  angles  of  walls 
returned  at  right  angles.  In  the  case  of  the  canal  works,  the  cement 
was  of  low  tensile  strength,  about  300  lbs.  per  square  inch.  On  the  other 
hand,  in  the  instance  of  the  great  masonry  dam  of  the  Liverpool  Water 
Works,  one  of  the  largest  in  the  world,  the  cement  was  specified  to  be 
about  80%"  higher  than  on  the  ship  canal.  The  engineer  was  entirely 
satisfied,  as  there  had  been  no  cracks  whatever.  Both  engineers,  in- 
deed, were  perfectly  satisfied  with  the  results.  These  engineers  were 
familiar  with  all  the  literature  on  the  subject,  and  with  the  views  of 
English  and  of  foreign  engineers,  and  yet  we  have  that  great  diverg- 
ency in  practice.  Others  say  we  never  had  any  trouble  with  cement 
80  or  40  years  ago,  when  the  matter  was  left  to  the  experience  of  the 
manufacturer,  and  engineers  did  not  insist  upon  tests. 

Of  course,  in  masonry  structures  the  direct  tensile  stresses  are  small, 
but  shearing  stresses  are  a  very  important  question,  and  in  many 
respects  you  will  see  that   failure   by  crushing  is  really  a  failure  by 
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shearing.  In  all  the  many  experiments  which  I  have  made  with  con- 
crete blocks  and  concrete  columns,  some  of  them  2  ft.  square  and  12 
ft.  long,  I  found  the  strength  directly  proportionalto  the  quantity  and 
tensile  strength  of  the  cement,  and  that  the  failure  generally  occurred 
by  a  longitudinal  split  down  the  column. 

There  is  one  jaoint  in  Mr.  Gary's  paper  which  I  really  rose  to  speak 
to.  He  says,  with  regard  to  the  setting  of  cement,  "it  is  best  to  em- 
ploy Vicat's  regulation  needle,"  which  may  have  been  true  a  few 
months  ago,  but  is  not  true  now,  because  an  autographic  machine  is 
used  now,  of  a  simple  character,  which  any  instrument  maker  could 
make.  That  is,  instead  of  a  needle,  a  small  wheel  is  used,  loaded  with 
a  few  pounds  weight  and  traversed  by  clockwork.  A  pen  attached  to 
a  lever  traces  a  curve  of  sufficiently  large  scale  to  constitute  a  j)er- 
manent  autographic  record  of  the  rate  of  setting  of  the  cement  from 
minute  to  minute. 

WaijTEB  Egbert  Kinipple,  M.  Inst.  C.  E. — Mr.  Faija's  paper  deals 
with  the  manufacture  and  testing  of  Portland  cement,  but  engineers, 
as  a  body,  are  more  concerned  with  the  cement  after  it  has  been  manu- 
factured, and  it  is  important  that  simple,  reliable,  and,  as  far  as  jjos- 
sible,  expeditious  methods  of  ascertaining  whether  cement  be  sound 
and  fit  for  use,  should  be  well  known. 

Mr.  Faija  has  set  forth  very  clearly  the  usual  tests,  but  there  is  one 
addition  which  I  have  found  to  be  useful,  and  have  adopted  in  a  num- 
ber of  the  works  which  I  have  carried  out.  That  test  is  to  form  a  thin 
plate  of  Portland  cement  12  ins.  square  by  J  in.  in  thickness  on  the 
surface  of  a  piece  of  plate  glass,  surrounded  by  a  metal  border,  or  fram- 
ing, standing  up  ^  in.  above  the  surface  of  the  glass.  Through  the 
cement  plate,  near  to  one  corner,  after  it  has  slightly  set,  a  hole  is 
pierced  for  the  purpose  of  hanging  it  up  by  a  piece  of  wire  or  string. 

When  the  plate  has  firmly  set,  it  is  hung  up  in  the  testing-room, 
and  carefully  observed,  from  time  to  time,  to  see  whether  any  cracking 
of  its  surfaces  or  edges  takes  jjlace,  or  any  tendency  to  twist,  and  I 
have  always  found  with  good  cement  which  has  been  duly  cooled,  that 
the  testing  plates  keep  their  form,  and  no  signs  of  cracking  ever 
appeared;  and,  further,  that  the  plate,  when  hung  up  by  a  wire  or 
string,  gave  a  clear,  musical  sound,  which  I  found  to  be  that  of  E  flat, 
in  almost  all  cases.  With  cement  which  was  inclined  to  blow,  the  plate 
did  not  maintain  its  form,  nor  did  it  give  forth  the  musical  sound 
referred  to. 
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I  have  in  my  possession  some  plates  which  have  remained  true 
planes  since  first  formed,  while  there  are  others  which  have  gone  to 
pieces  or  become  twisted,  to  a  considerable  extent. 

By  forming  such  large,  thin  plates  better  results  are  obtained  than 
by  the  usual  round  plates  of  a  few  inches  in  diameter,  by  about  \  in. 
to  1  in.  thick  in  the  center,  which  I  have  frequently  found  do  not  show 
defects  until  a  very  long  period  after  the  plates  were  made.  I  have 
some  in  my  offices  at  present,  which  are  only  now  falling  to  pieces 
after  havmg  been  made  some  eighteen  months. 

The  grinding  of  cement  is  most  important,  and  for  the  application 
of  it,  in  the  form  of  thick  paste  or  grout  of  neat  cement,  for  the  pur- 
pose of  cementing  together  stone  or  shingle  or  large  blocks  under  water 
in  the  construction  of  monolithic  or  submarine  work,  fine  grinding  is 
highly  important.  To  this  system  of  submarine  monolithic  work  I  have 
devoted  35  years'  attention,  and  have  carried  out  many  undertakings 
based  thereon.  My  experience  with  cement  for  this  purpose  shows 
that  it  should  be  very  finely  ground,  and  that  the  ordinary  sieve  of 
2  500  meshes  per  square  inch  is  not  sufficiently  fine. 

My  specification  for  cement  for  this  class  of  work  is  that  it  should 
pass  through  a  sieve  of  6  400  meshes  to  1  sq.  in.,  and  for  the  St.  Helier 
Harbor  "Works,  Jersey,  where  many  thousands  of  tons  of  cement  were 
used,  this  was  the  specified  firmness,  and  excellent  results  were 
obtained  therefrom.  With  cement  passing  through  a  2  500-mesh  sieve, 
some  of  which  was  tried,  decidedly  inferior  work  was  obtained. 

A  small  parcel  of  cement  ground  to  pass  through  a  sieve  of  10  000 
meshes  to  the  square  inch,  was  likewise  used  on  these  works  and  gave 
the  greatest  satisfaction,  and  had  it  not  been  for  the  extra  price  per 
ton  which  the  makers  required  for  cement  of  this  fineness,  I  should 
have  had  only  this  fine  floury  cement  used  on  the  work. 

Mr.  John  Pubsee  Getbtith.* — Mr.  President,  I  sincerely  trust  that 
this  paper  of  Mr.  Faija  will  be  fully  discussed.  The  subject  is  of 
world-wide  importance  to  our  profession,  and  I  believe  that  this  is  the 
first  opportiinity  which  we  have  had  of  hearing  the  views  of  engineers 
of  all  nationalities.  For  almost  a  quarter  of  a  century  I  have  been  en- 
gaged in  harbor  work,  and  it  has  been  my  privilege  to  be  associated 
with  one  of  our  most  distinguished  British  engineers,  Dr.  Bindon  B. 
Stoney,  in  the  improvement  and  maintenance  of  the  harbor  of  Dublin. 

*  Of  Dublin,  Ireland. 
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We  have  used  Portland  cement  largely  and  -with  great  success,  and  it 
will  readily  be  understood  with  what  interest  and  anxiety  we  have 
heard  of  some  of  the  recent  failures  which  have  occurred  in  marine 
works  constructed  with  Portland  cement.  I  have  endeavored  to  in- 
vestigate the  causes  of  these  failures,  and  I  am  glad  to  be  able  to  say 
that  in  the  majority  of  cases  they  have  been  due  to  the  manipulation  of 
the  cement,  and  not  to  any  fault  in  the  cement  itself.  ^ 

We  have  had  in  England  a  magnesia  scare,  as  it  was  alleged  that 
the  presence  of  magnesia  in  the  cement  was  the  cause  of  many  failures, 
and  it  has  been  proposed  to  limit  the  proportion  of  magnesia  present 
in  Portland  cement  to  a  very  small  percentage.  It  is  now  generally  ad- 
mitted that  the  presence  of  large  quantities  of  magnesia  in  the  concrete 
where  these  failures  occurred  was  due  to  the  percolation  of  sea  water, 
which  had  decomposed  the  cement,  and  that  the  remedy,  or  rather  the 
preventive,  for  such  a  state  of  affairs  is  to  make  the  concrete  imper- 
meable. 

Germany  has  adopted  standard  tests  for  cement  with  very  great  ad- 
vantage, both  to  consumers  and  manufacturers.  I  believe  that  Germany 
owes  much  of  its  success  in  the  manufacture  of  Portland  cement  to 
these  tests,  and  I  am  indebted  to  my  friend,  Mr.  C.  O.  Gleim,  of  Ham- 
burg, for  much  information  on  this  point.  In  England,  unfortunately, 
we  have  no  standard  tests,  and  the  result  is  that  engineers  there  have 
to  be  more  continually  on  their  guard  against  dangerous  cement.  That 
such  dangerous  cements  are  to  be  met  with  in  our  markets,  I  have  had 
ample  proof.  One  instance  in  particular  comes  to  my  mind.  It  is  the 
case  of  a  cargo  which  passed  the  specified  tests  for  tensile  strength  and 
fineness  satisfactorily,  and  yet  after  a  time  showed  signs  of  disintegra- 
tion, which  led  to  its  rejection  for  use  on  our  works.  On  examination 
by  an  expert  cement  manufacturer,  the  materials  of  which  it  was  com- 
posed proved  to  be  correctly  proportioned,  and  subsequent  experience 
has  satisfied  me  that  its  defect  was  due  to  being  lightly  burned,  and 
not  finely  ground.  Coarse  particles  in  a  cement  of  this  kind  hydrate 
more  slowly  than  the  finer  particles,  and  this  is  followed  by  expansion 
and  disintegration  of  neat  cement  briquettes.  If  this  cement  had  been 
ground  to  a  uniform  degree  of  fineness,  I  have  little  doubt  that  it  would 
have  proved  a  thoroughly  safe  cement.  German  Portland  cement  is, 
as  a  rule,  much  more  finely  ground  than  English  cements,  and  this  is 
due  to  the  adoption  of  the  mortar  test  for  testing  the  tensile  strength 
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of  cements.  The  rule  adopted  there  of  testing  the  strength  of  a  mixt- 
ure of  cement  and  sand,  instead  of  cement  alone,  has  compelled  the 
cement  makers  to  grind  their  cement  very  fine.  Beyond  proving  the 
value  of  fine  grinding,  I  see  no  advantages  in  the  sand  test  over  the 
neat  cement;  but  I  do  see  disadvantages,  namely,  that  it  introduces  a 
a  second  element  of  uncertainty  into  our  tests.  It  is  all  very  well  to 
say  that  we  should  use  a  standard  sand,  but  it  has  been  proved,  over 
and  over  again,  that  sand  obtained  even  from  the  same  district  and  of 
the  same  grade  of  fineness  will  give  very  variable  results.  These  are 
some  of  the  reasons  why  the  sand  test  has  not  gained  ground  in  Eng- 
land. At  the  same  time,  I  must  freely  admit  that  those  who  have  used 
the  sand  test  have  got  the  best  ground  cement.  I  should  much  like 
to  hear  this  point  discussed  here,  for  I  think  now  that  it  is  so  gener- 
ally admitted  that  the  finer  a  cement  is  ground  the  better;  it  is  quite 
possible  to  get  all  we  require  by  testing  for  fineness  with  very  fine 
sieves,  and  for  strength  with  neat  cement,  and  thus  avoid  the  secondary 
issues  raised  by  the  introduction  of  sand  into  our  tests. 

Henry  Fa  iJA,  M.  Inst.  C.  E. — lam  extremely  jjleased  to  find  that 
Mr.  Kinipple  recognizes  the  importance  of  a  test  that  definitely  deter- 
mines whether  or  no  a  cement  is  sound,  as  it  corroborates  a  theory 
which  I  have  for  many  years  propounded,  viz.,  that,  given  a  cement 
which  proves  itself  to  be  sound  and  free  from  either  expansion  or  contrac- 
tion, it  is,  in  99  cases  out  of  100,  strong  enough  for  all  constructive  pur- 
poses, and  the  support  of  an  engineer  of  Mr.  Kinipple's  eminence,  and 
who  has  used  more  cement  than  most  peoj)le,  is  most  gratifying.  The 
test,  however,  which  he  proposes  is,  I  think,  a  little  cumbrous  and 
occupies  some  little  time,  certainly,  except  in  the  case  of  abnormally 
bad  cements,  a  few  weeks,  and  I  fail  therefore  to  see  that  it  supersedes 
my  own  test  for  the  same  purpose,  which  is  fully  described  in  the 
paper.  It  has  now  been  in  very  general  use  for  more  than  10  years, 
and  enables  a  perfectly  reliable  determination  being  arrived  at  within 
24  hours.  A  sketch  of  the  apparatus  used  in  this  test  is  given  in  a 
paper  which  I  had  the  honor  of  communicating  to  the  American  Society 
of  Civil  Engineers  in  1886  ;  but  perhaps,  in  order  to  bring  the  matter 
more  forcibly  before  the  notice  of  cement  users,  the  following  sketch 
(see  page  608)  will  render  the  description  given  in  the  paper  more 
complete. 

With  respect  to  the  fineness  of  grinding  to  which  Mr.  Kinipple  and 
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Mr.  Griffith  both  refer,  I  think  there  are  now  no  two  opinions  on  the 
matter,  as  it  has  been  most  conclusively  proved  and  established  that 
the  finer  a  cement  is  ground,  the  better  work  it  will  produce;  this 
result  is  due  to  the  cement  being  in  greater  subdivision  and  thereby 
enabled  more  perfectly  to  surround  each  of  the  pieces  of  aggregate 
with  which  it  is  mixed,  thus  giving  greater  strength  or  allowing  of  less 
cement  being  used.  Such  being  the  case,  it  is  a  matter  for  the  manu- 
facturer to  say  to  what  degree  of  fineness  he  can  grind  the  cement 
without  extra  or  exorbitant  expense,  and  the  economy  of  fine  grind- 
ing is  therefore  defined  by  the  balance  between  the  cost  of  grinding 
and  the  use  of  more  cement;  but  I  would  again  refer  to  that  portion  of 
my  j)aper  in  which  1  pointed  out  that  fineness  of  grinding,  unless  the 
powder  is  in  the  form  of  flour,  is  very  delusive. 


It  is  hardly  necessary  to  refer  to  Mr.  Griffith's  remarks  about  the 
magnesia  scare  which  obtained  here  some  few  years  back.  I  went 
into  the  matter  very  carefully  at  the  time,  both  theoretically,  chemi- 
cally and  practically,  and  the  results  of  my  experiments  were  com- 
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municated  in  two  papers  to  the  Society  of  Engineers  in  England,  and 
as  tliey  brought  forth  no  tangible  refutation  from  those  who  started 
the  magnesia  scare,  it  may  fairly  be  assumed  that  my  experiments  were 
taken  as  conclusive,  and  that  the  deduction  I  arrived  at,  viz. ,  that  a 
good  and  properly  used  Portland  cement  is  not  detrimentally  affected 
by  sea  water,  is  correct. 

The  absence  of  a  standard  specification  in  this  country,  which  Mr. 
Griflath  laments,  has,  I  think,  rather  conduced  to  the  production  of  a 
better  cement  than  had  we  been  governed  by  a  specification  drawn  up 
15,  10,  or  even  5  years  ago.  Had  such  a  specification  been  in  ex- 
istence there  is  no  doubt  that  the  manufacture  in  this  country  would 
have  been  to  a  certain  extent  limited  to  compliance  with  that  specifica- 
tion, and  would  therefore  not  have  improved  in  the  manner  which  it 
has.  I  am  quite  willing  to  admit  that  many  of  the  specifications  sub- 
mitted to  manufacturers,  and  with  which  they  are  requested  to  comply, 
are  often  worse  than  stupid,  and,  although  the  manufacturer  may  be 
quite  unable  to  comply  with  them,  still  they  have  forced  him  to  do 
something  out  of  the  ordinary,  which  in  the  end  has  resulted  in  an 
improved  manufacture.  While  therefore  deprecating  many  of  the 
clauses  which  are  inserted  in  cement  specifications,  and  while  I  would 
myself  never  condemn  a  cement  because  it  does  not  absolutely  comply 
with  those  terms,  I  would  on  no  account  prevent  the  layman  from 
writing  such  specifications  as  he  thinks  fit. 

Mr.  Griffith's  remarks  about  the  sand  test  are  quite  in  accord  vnth 
my  own  views,  as  it  is  well  known  that  I  have  from  the  very  commence- 
ment fought  against  the  introduction  of  an  extraneous  and  unknown 
material  into  a  cement  test.  Through  the  universal  introduction  of 
the  sand  test  in  Germany,  the  production  of  cement  in  that  country 
has  resulted  in  what  I  should  call  an  adulterated  cement,  and  this  is 
to  a  certain  extent  acknowledged  by  the  Germans  themselves,  as  in  their 
own  directions  to  manufacturers  it  is  specially  stipulated  that  no  cement 
shall  contain  more  than  a  certain  percentage  of  adulterating  material. 
The  particular  adulterant  which  is  used  is  sulphate  of  lime,  which  not 
,  only  renders  the  cement  slower  setting,  but  adds  somewhat  to  its  adhesive 
jjowers.  At  the  same  time  if  this  adulterant  much  exceeds  3  or  4:%,  it 
renders  the  cement  an  absolutely  dangerous  one  to  use,  and  it  seems 
to  me  that  it  is  wiser  to  be  satisfied  with  a  good  honest  Portland 
cement   that   perhaps  develops  a   little  less   tensile   strength    when 
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gauged  with  sand,  than  one  which  gives  the  maximum  in  this  test,  but 
which,  by  a  very  slight  error  in  manufacture,  may  result  in  the 
destruction  of  the  whole  of  the  work  in  which  it  is  used. 

I  have  only  to  tender  my  thanks  to   the  Congress  for  the  kind 
manner  in  which  my  paper  was  received. 
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TOPOGRAPHIC  SURVEYS.— DISCUSSION  ON 
PAPER  No.  635.* 


By    Chaeles  B.   Brush,    Kenneth  AiiLEN,  Henky  Gannett,   Marcus 
Baker  and  Herbert  G.  Ogden. 


Charles  B.  Brush,  M.  Am.  Soc.  C.  E. — Some  of  the  most  interest 
ing  exhibits  to  be  seen  at  this  wonderful  Exposition  at  Chicago  are  the 
numerous  relief  maps.  I  do  not  know  of  anything  which  has  inter- 
ested me  more  than  the  relief  map  of  the  New  York  State  Canals  and 
of  the  Nicaragua  Canal.  They  are  advanced  types  of  this  class  of 
work. 

In  relation  to  the  topographical  maps  of  the  United  States,  I  do 
not  know  of  any  as  complete  as  those  of  the  State  of  New  Jersey. 
This,  I  believe,  is  the  only  one  of  our  States  that  has  a  complete 
topographical  map  of  its  whole  area.  In  New  Jersey,  these  maps 
have  been  found  to  be  of  great  value  and  are  extensively  used. 
Separate  sheets  of  different  parts  of  the  State  can  be  purchased  to 
any  extent  for  25  cents  each.  These  maps  were  prepared  under  the 
direction  of  Professor  Cook,  State  Geologist. 

*  "Topographic  Surveys."  By  Herbert  G.  Ogden,  Assistant  U.  S.  Coast  and  Geodetic 
Survey.    Transactions,  Vol.  XXX,  page  62. 
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KENNETH  ATiTiF.N,  M.  Am.  Soc.  0.  E. — Mr.  Ogden's  paper  is  one  uf 
great  interest  in  showing  the  develoisment  of  topographical  surveying 
in  this  country.  This  development  has  been  both  in  the  increased 
extent  of  the  work  done,  in  field  methods  and  in  mapping  ;  and  in 
each  of  these  particulars  it  has  been  marked.  The  surveys  of  40 
and  50  years  ago,  valuable  as  they  were  at  the  time,  were  scarcely 
more  than  a  compilation  of  more  or  less  faithful  sketches  as  regarded 
the  actual  relief,  this  being  indicated  generally  by  the  use  of  hachures 
with  the  occasional  elevation  of  summits  and  thalwegs.  To-day,  by 
the  aid  of  the  stadia  and  vertical  arc,  the  modern  range  finder,  the 
aneroid  and  the  camera,  we  are  enabled  to  conduct  our  topographi- 
cal surveys  with  ease  and  expedition,  and  hence  with  economy  ;  and 
by  the  introduction  of  contours  of  known  elevation  supplemented  only 
by  the  occasional  use  of  hachures,  our  maps  indicate  the  hypsometric 
features  with  a  precision  dependent  only  on  that  of  the  field  work  and 
on  the  scale  of  the  map. 

The  degree  of  precision  is  so  dependent  on  the  field  methods 
employed,  however,  that  these,  if  not  indicated  in  some  way  on  the 
completed  map,  should  at  least  be  known  by  those  who  make  use  of 
it.  Where  such  a  diversity  of  methods  exists  as  is  quite  proper, 
considering  the  great  difference  in  topograj^hy  in  various  sections  of 
the  country  and  the  specific  purposes  for  which  surveys  are  made,  it 
would  seem  highly  desirable  that  the  execution  of  State  surveys  should 
be  based  upon  some  such  rules  or  criteria  as  those  formulated  by 
the  conference  of  topographers  referred  to  by  Mr.  Ogden.  For  the 
greater  number  of  surveys  where  contour  intervals  of  from  5  to  25  ft. 
are  employed,  the  writer  believes,  from  its  use  on  surveys  covering 
some  600  sq.  miles,  that  there  is  as  yet  no  more  expeditious, 
economical  or  flexible  method  developed  than  by  the  employment  of 
the  stadia  in  the  ordinary  surveyor's  transit.  It  is  adapted  to  every 
character  of  country,  may  be  used  in  parties  of  from  two  to  six  men, 
depending  on  the  ground  and  the  price  of  wages,  involves  but  about 
^10  extra  cost  in  the  instrument,  and  can  be  used  with  the  ordinary 
Philadelphia  rod,  if  a  special  stadia  rod  is  not  at  hand.  In  ordinary 
work  in  a  hilly  country,  circuits  of  from  1  to  3  miles  in  length  are 
run.  checking  on  benches  when  possible,  elevations  being  determined 
with  the  vertical  arc.  Such  circuits,  with  ordinary  care,  will 
check  within  1  or  2  ft.  in    elevation   and  about   15  ft.  in  horizontal 
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distance.  With  triangulation  points  not  over  3  or  4  miles  apart, 
bench  marks  established  every  square  mile  or  so,  contours  10  ft. 
apart  and  the  scale  of  the  map  not  over  -g-o^o^)  the  above  error  will 
not  be  found  excessive  ;  while,  if  greater  or  less  detail  and  precision 
are  required,  the  method  may  to  a  certain  extent  be  adapted  to  it 
with  economy. 

There  are  one  or  two  points  pertinent  to  the  occasion  with  regard 
to  instruments.  The  aneroid  is  a  most  useful  aid  to  one  who  under- 
stands its  use  and  its  limitations.  Many  surveying  aneroids,  as 
manufactured,  carry  a  vernier  on  a  scale  of  feet  to  be  read  with  a  glass 
to  single  feet.  Now,  where  such  accuracy  is  employed  in  reading,  it  is 
disconcerting  to  be  obliged  to  make  a  very  appreciable  correction  for 
temjserature.  It  would  seem  more  rational  to  emjaloy  the  foot  scale 
for  very  rough  work  only,  and  have  the  vernier  on  the  pressure  scale, 
to  be  used  on  more  refined  work. 

The  writer  has  found  that  with  most  men,  in  fair  weather  and  an 
open  country,  it  is  of  great  advantage  to  plot  the  work  on  a  small 
sketch  table  mounted  on  a  tripod  in  the  field.  On  a  recent  survey  of 
the  Connellsville  coke  region,  a  number  of  these  were  made,  having 
four  removable  sections  over  which  skeleton  sheets  containing  all 
known  cadastral  points  were  stretched,  these  four  sections  being 
interchangeable  in  the  frame.  When  the  two  eastern  ones,  for  instance, 
were  finished,  they  were  shifted  to  the  west  side  of  the  table,  and 
fresh  sheets  were  inserted  in  their  places.  This  avoided  folding  or 
overlapping  sheets,  which  had  jjreviously  been  found  objectionable. 
A  14-ft.  folding  stadia  rod  was  also  devised  with  a  graduation  which 
was  at  once  simple,  distinct  and  serviceable.  At  very  long  range 
mirrors  inserted  at  certain  points  on  the  rod  were  easily  distinguished, 
and  aided  in  avoiding  mistakes. 

In  the  survey  referred  to,  the  area  covered  was  168  sq.  miles,  lying 
in  a  tract  about  44  miles  long  and  in  no  j^lace  over  5  miles  wide.  For 
local  reasons,  traverse  circuits  were  run  with  steel  tape  and  transit  as 
the  base  of  the  survey — in  all,  220  miles  in  length.  After  plotting  on 
a  scale  of  600  ft.  per  inch,  the  error  in  a  number  of  these  circuits  was 
found  to  be  about  3  in  10  000.  The  work  was  done  by  ordinary  chain- 
men,  partly  over  very  hilly  ground,  and  partly  along  the  railroads. 
Where  an  error  was  suspected,  the  line  was  re-run. 

No    angular    error  in    a    circuit    was   allowed    to   exceed  5',  but 
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there  was  obviously  no  way  to  control  an  accumulation  of  angular 
error  in  a  tract  of  this  description.  Observations  foT  the  meridian 
were  taken,  however,  either  on  a  star  or  the  sun  at  eight  points, 
averaging  about  6  miles  aj)art  from  one  end  of  the  region  to  the  other, 
and  connected  with  the  traverses.  The  resulting  angular  errors,  after 
eliminating  the  effect  of  divergence  of  meridians  due  to  the  earth's 
curvature,  were  in  the  order  of  their  occurrence  as  follows:  0',  — 3 '.5, 
+  8',  +  5',  +14',  —  0'.5,  6 '.5,  —  6 '.5.  The  average  angular  error  in  the 
52  separate  circuits  was  2 '.05,  the  maximum  being  5'. 

Mr.  Ogden's  data  as  to  the  cost  of  topographical  surveys  is  valu- 
able to  those  States  that,  following  the  example  of  New  Jersey,  Penn- 
sylvania, Massachusetts,  Rhode  Island,  Connecticut  and  New  York, 
are  agitating  the  question  of  inaugurating  State  topographical  surveys, 
The  following  figures  may  be  of  interest  in  that  connection.  On  sur- 
veys occupying  162  days'  field  work,  made  in  1884,  for  the  Phila- 
delphia "Water  Department,  with  10-ft.  contour  intervals  and  plotting 
on  a  scale  of  400  ft.  per  inch,  the  party  consisting  of  one  transitman  and 
one  rodman,  the  average  area  covered  per  day  taking  notes  was  0.434 
sq.  mile,  average  area  covered  per  day  plotting  in  the  field  was  0.310 
sq.  mile. 
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On  a  survey  in  the  Connellsville  coke  region  for  the  H.  C.  Frick 
Coke  Company,  Mr.  J.  H.  Paddock,  Chief  Engineer,  which  was  similar 
in  character  to  the  above,  but  made  with  greater  accuracy  and  fullness 
of  detail,  and  plotted  on  a  scale  of  600  ft.  to  1  in.,  the  cost  in  salaries 
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for  field  ^ork  on  topography  alone  was  not  far  from  S4;0per  square  mile. 
The  parties  consisted  of  four  men,  and  plotting  was  generally  done  in 
the  field.  The  total  cost  per  square  mile  includes,  besides  the  total 
cost  of  topographical  survey  proper,  the  location  of  coal  out-crops,  of 
all  farm  boundaries,  tabulation  of  coal  areas  of  each  piece  of  property, 
observations  for  meridian,  latitude  and  longitude,  and  the  reduction 
of  all  previous  surveys  of  the  company  to  the  Scottdale  meridian 
The  cost  of  engraving  and  publication  was  in  addition  ^5  275. 

The  increasing  demand  for  State  topographical  surveys,  as  well  as 
for  those  of  less  extent,  indicates  a  corresponding  appreciation  of  their 
value  in  a  variety  of  fields.  The  meteorologist  and  the  geologist  are 
aided  materially  by  the  data  thus  made  available,  and  with  a  reliable 
contour  map  at  hand  the  preliminary  surveys  for  railways,  canals, 
water  supplies,  drainage  and  irrigation  schemes,  and  for  sewerage 
systems,  may  be  partially  or  totally  avoided,  saving,  in  time,  much 
more  than  the  cost  of  the  survey.  It  remains  for  the  topographer  to 
select  from  a  multitude  of  methods  and  instruments,  for  the  conduct 
of  the  survey  and  the  projection  and  reproduction  of  results,  such  as 
are  best  adapted  to  the  particular  character  of  the  territory  with  which 
ho  has  to  deal — its  extent,  the  ultimate  purpose  of  the  survey,  and, 
last  but  not  least,  the  means  at  his  disposal  to  accomplish  the  work. 

Mr.  Henky  Gannett.* — Mr.  Ogden's  paper  summarizes  the  views  of 
one  of  the  leading  officers  of  the  Coast  and  Geodetic  Survey  concern- 
ing the  topographic  map  of  the  United  States  of  the  future.  It  states 
what,  in  his  opinion,  or  rather,  in  the  opinion  of  a  conference  of  topog- 
raphers of  the  U.  S.  Coast  and  Geodetic  Survey,  should  be  the  scale, 
the  contour  interval,  the  degree  of  detail,  the  maximum  allowable 
errors,  and  the  features  which  this  map  should  represent.  His  paper 
is  of  special  interest  to  me,  as  I  have  from  the  beginning  been  in 
practical  control  of  the  survey  and  construction  of  the  map  of  the 
country,  which  the  U.  S.  Geological  Survey  is  making,  and  I  am 
pleased  to  see  how  closely  these  ideas  and  my   own  are  in   accord. 

Thus  Mr.  Ogden  advocates  using  a  scale  of  1 :  30  000,  which,  where 
the  features  are  large  and  bold,  may  be  reduced  to  1 :  40  000.  The  Geo- 
logical Survey  is  using  in  the  northeastern  States  a  scale  of  1:45  000;  in 
the  Mississippi  Valley  and  on  the  plains  a  scale  of  1 :  31  680,  and  in  the 
Rocky  Mountain  region,  where  the  features  are  large  and  bold  1 :  63  360. 

*  Chief  Topographer,  U.  S.  Geological  Survey. 
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It  is  believed  that  the  last  of  these  scales  is  amply  large  for  the  repre- 
sentation of  the  essential  detail  in  this  bold  mountain  and  desert 
region.  It  is  to  be  noted  that  both  Mr.  Ogden  a.nd  myself  refer  here 
to  the  scales  of  the  plane-table  sheets,  not  of  the  maps  as  published. 

Mr.  Ogden  advises  a  contour  interval  of  20  ft.  in  the  level  regions  of 
the  country,  increasing  the  contour  interval  where  the  relief  becomes 
more  pronounced.  The  U.  S.  Geological  Survey  uses,  as  a  rule, 
the  20-ft.  interval.  In  Florida,  where  the  relief  is  comparatively  slight, 
it  uses  a  10-ft.  interval,  and  in  Southern  Louisiana,  where  the  relief  is 
trifling,  a  5-ft.  interval  is  employed.  In  the  Rocky  Mountain  region 
the  interval  ranges  from  20  or  25  ft.  upon  the  plains  and  deserts,  up  to 
a  100-ft.  interval  in  the  high  mountains.  Mr.  Ogden  advises  mapping 
the  outlines  of  wooded  areas,  as  being  of  importance  from  many 
points  of  view.  The  U.  S.  Geological  Survey  maps  these  outlines 
of  wooded  areas,  but  does  not  consider  it  advisable  to  publish 
them  upon  its  larger  scale  maps,  inasmuch  as  the  timber  outlines 
are  changing  rapidly,  but  it  does  propose  to  publish  them  upon  maps 
on  smaller  scales.  Mr.  Ogden's  list  of  the  works  of  man,  or  culture, 
which  should  be  represented,  comprises  little  besides  objects  which 
may  be  denominated  public  culture ;  that  is,  objects  which  are  of 
interest  to  the  community  at  large  rather  than  to  individuals  only. 
The  only  exception  which  I  note  to  this  statement  is  that  of  houses. 
The  Geological  Survey  early  adopted  as  its  policy  in  this  matter  the 
representation  of  objects  of  public  culture  only.  Within  recent  years 
it  has  departed  from  this  practice  to  the  extent  of  adding  houses,  and 
with  this  addition  its  list  of  objects  of  culture  represented  agrees  very 
closely  with  that  suggested  by  Mr.  Ogden. 

As  to  the  limit  of  error  set  by  Mr.  Ogden,  it  may  be  asked  how  the 
errors  of  the  map  are  to  be  determined  absolutely,  since  any  work 
done  to  test  the  map  is  itself  liable  to  error.  Thus  the  stipulation 
that  the  height  of  a  hill  shall  be  within  5  ft.  of  the  true  height  implies 
a  knowledge  of  the  true  height  of  the  hill,  but  how  is  this  to  be 
obtained.  It  may  be  suggested  that  verification  of  a  map  can  be  made 
by  a  duplication  of  the  work  and  a  comparison  of  the  results,  but  this 
will  show,  not  the  errors  of  the  original  map,  but  the  discrepancies 
between  the  two  maps,  either  of  which  may  be  in  error. 

We  can  estimate  roughly  the  value  of  the  computed  triangulation 
by  the  closures  of  the  triangles.     We  know  that  graphic  triangulation 
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carried  on  by  the  plane  table  proves  itself,  since,  if  sensible  errors  are 
introduced,  the  work  falls  to  pieces.  We  can  detect  errors  of  magni- 
tude in  traverses  made  by  the  plane  table,  by  their  closures  upon 
triangulation  points,  and  we  can  detect  errors  in  sketching  by  a  com- 
parison of  the  map  with  the  ground.  But  since  we  have  nowhere  any- 
thing absolute  to  compare  with,  I  do  not  see  how  we  can  measure  the 
amount  of  errors  of  location,  and  say  that  the  position  of  an  object  is 
in  error  to  a  greater  or  a  less  extent  than  that  admissible,  except  where 
the  errors  are  gross. 

Now  as  to  cost.  The  cost  of  the  topographic  work  of  the  U.  S. 
Coast  and  Geodetic  Survey  at  present,  including  the  triangula- 
tion upon  which  it  rests,  is  about  .$200  per  square  mile.  It  is  not  to 
be  understood  that  the  work  in  the  interior  would  cost  as  much,  since 
the  scale  which  Mr.  Ogden  proposes  is  much  smaller.  He  estimates 
its  cost  at  $35  to  $45  per  square  mile,  or,  say,  an  average  of  $40  per 
square  mile.  At  this  rate,  the  survey  of  the  whole  United  States, 
excluding  Alaska,  would  cost  $120  000  000.  It  is  not  at  all  probable 
that  the  United  States  would  authorize  so  expensive  a  piece  of  work  to 
be  undertaken. 

On  the  other  hand,  the  work  of  the  Geological  Survey,  which  is 
pursued  practically  upon  the  plan  advocated  by  Mr.  Ogden,  has  cost 
for  the  past  three  years  an  average  of  $5  per  square  mile,  the  cost 
ranging  from  $3  upon  the  western  plains  to  $10  in  New  England  and 
New  York.  The  total  cost  of  the  work,  one-fifth  of  the  country  having 
been  completed  already,  will  not  exceed  $15  000  000,  being  but  a  small 
fraction  of  the  sum  above  estimated. 

This  great  difference  in  cost  requires  an  explanation.  A  part  of  it 
can  be  very  simply  accounted  for  in  the  difference  in  policy  governing 
the  work  of  the  two  organizations.  The  policy  of  the  U.  S.  Coast 
and  Geodetic  Survey  has  been  throughout  to  attain  the  highest 
possible  degree  of  accuracy.  The  Geological  Survey,  on  the  other 
hand,  aims  only  at  such  accuracy  as  is  required  for  the  specific  pur- 
pose in  hand,  as  the  engineer  in  constructing  a  bridge  apportions  the 
strength  of  each  member  to  the  strain  it  is  to  bear. 

In  pursuance  of  its  policy,  the  U.  S.  Coast  and  Geodetic  Survey 
locates  by  triangulation  and  computes  the  positions  of  a  large  number 
of  points,  many  times  the  number  required  for  instituting  plane  table- 
work.    Moreover,  it  spends  time  and  money  in  attaining  a  degree  of 
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accuracy  in  the  location  of  these  points  many  times  greater  than  is 
required  for  the  map.  The  U.  S.  Geological  Survey,  on  the  other  hand, 
locates  by  triangulation  and  computes  the  position  of  a  minimum 
number  of  points,  three  to  each  plane  table  sheet,  relegating  the  work 
of  location  thereafter  to  graphic  methods  with  the  plane  table,  which 
are,  of  course,  much  cheaper  and  of  sensible  accuracy.  Moreover, 
the  location  of  points  in  its  primary  triangulation  is  only  of  such 
accuracy  as  is  required  by  the  scale  of  the  map,  since  errors  which 
are  not  suflBciently  large  to  show  upon  the  map  are  not  errors  in  a  map 
sense.  This  proportioning  of  means  to  ends  reduces  the  cost  of  the 
work  of  the  U.  S.  Geological  Survey  by  nearly  one-half,  since  triangu- 
lation, such  as  is  executed  by  the  U.  S.  Coast  and  Geodetic  Survey, 
costs,  according  to  their  own  statement,  very  nearly  as  much  as  the 
topographic  work  proper,  while  the  triangulation  carried  on  by  the 
U.  S.  Geological  Survey  probably  costs  not  more  than  one-tenth  as 
much  as  the  topographic  work. 

But  this  does  not  account  for  the  entire  di£ference  between  the  cost 
of  the  work  of  the  U.  S.  Geological  Survey  and  Mr.  Ogden's  estimate, 
and  I  cannot  help  feeling  that  his  estimate  is  needlessly  high,  even 
for  work  which  may  be  done  by  the  organization  which  he  represents. 
The  figures  given  for  the  U.  S.  Geological  Survey  are  not  estimates. 
They  are  the  results  of  experience  covering  a  term  of  years  and  hun- 
dreds of  thousands  of  square  miles,  and  certainly  are  entitled  to  greater 
credence  than  any  estimates. 

There  is  another  item  to  be  considered  besides  expense  in  this 
matter,  and  that  is  time.  An  expenditure  of  $40  per  square  mile  im- 
plies slow  progress  or  a  very  large  annual  appropriation.  At  present 
ihe  U.  S.  Geological  Survey  is  spending  about  $250  000  annually 
in  topographic  work,  at  an  average  cost  of  $5  per  square  mile.  Its 
average  annual  output  is  about  50  000  sq.  miles.  To  survey  this 
area  at  a  cost  of  $40  per  square  mile  would  require  an  annual  appro- 
liriation  of  $2  000  000.  It  is  not  at  all  probable  that  Congress  would 
support  it  to  this  extent.  The  alternative,  therefore,  is  slow  progress. 
Now,  if  maps  are  of  value  to  the  industries  of  the  country,  and  we 
all  agree  that  they  are,  that  value  is  enhanced  by  the  rapidity  of  the 
work.  The  sooner  we  have  maps,  the  more  use  will  they  be  to  our 
industries.  Roads,  railroads,  irrigation  works,  aqueducts  and  other 
improvements  are  being  constructed  all  the  time,  and  the  more  of 
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them  which  have  the  benefit  of  majis,  the  greater  is  the  utility  of  those 
maps.  The  more  rapidly  this  work  can  be  pushed  forward  to  comple- 
tion, other  things  being  equal,  the  more  valuable  it  will  be,  and,  there- 
fore, in  considering  plans  for  this  work,  the  item,  not  only  of  expense, 
but  of  time,  should  receive  due  consideration. 

Under  an  annual  appropriation  of  S250  000,  the  U.  S.  Geological 
Survey  maps  50  000  sq.  miles,  and  will  finish  the  map  of  the  country, 
excluding  Alaska,  in  50  years.  This,  it  would  seem,  is  suflBciently  long 
to  wait  for  it.  But  under  Mr.  Ogden's  estimate,  with  the  same  appro- 
priation, 6  250  sq.  miles  would  be  the  annual  output,  and  the  entire 
map  would  be  finished  in  the  year  2373,  480  years  from  the  present  date. 

Mr.  Makcus  Baker. — Some  months  since  I  compiled  from  pub- 
lished sources  some  memoranda  respecting  the  cost  of  making  topo- 
graphic surveys  and  maps.  Such  data  in  compact  form,  it  was 
believed,  would  be  useful  for  reference.  It  seems  the  more  important 
to  do  this  because  the  question  of  cost  has  been  to  some  extent  a  mat- 
ter of  controversy. 

The  subject  is  one  of  great  practical  imjiortance,  and  it  seems  to  me 
that  the  statements  of  cost  given  by  Mr.  Ogden  may  profitably  be  ex- 
tended. This  opportunity  is  therefore  taken  to  offer  these  memoranda 
for  publication  as  a  contribution  to,  or  extension  of,  that  part  of  Mr. 
Ogden's  interesting  and  valuable  paper  relating  to  the  cost  of  topo- 
graphic surveys. 

Foreign  Surveys.* 

India. — It  is  not  easy  to  get  figures  showing  cost  of  foreign  sur- 
veys that  are  of  much  value  for  comparison  with  similar  figures  for 
the  United  States.  Diversity  of  conditions,  of  country  surveyed,  of 
scales,  of  purposes  for  which  the  maps  are  made,  etc. ,  greatly  affect 
cost. 

The  country  whose  conditions  appear  to  be  most  nearly  like  our 
own,  and  whose  experience,  therefore,  is  of  most  value  to  us,  is  India. 

In  India  10  years'  experience  in  making  majis  on  the  1  in.  to  1  mile 
scale  gives  a  cost  of  SH  per  square  mile,  and  on  the  4  ins.  to  1  mile 
scale  a  cost  of  ^26.50.  A  similar  15  years'  experience  in  cadastral  map- 
ping on  the  16  ins.  to  1  mile  scale  gives  a  cost  of  ^82  per  square  mile. 

*  Most  of  the  data  lor  foreign  surveys  are  compiled  from  Captain  George  M.  Wheeler's 
Report  upon  the  Third  International  Geographical  Congress  and  Exhibition  at  Venice,  1881. 
4to,  Washington,  1885. 
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In  the  Madras  presidency  65  935  sq.  miles  were  mapped  on  scales  of 
16,  4,  2  and  1  ins.  to  1  mile  for  a  total  cost  of  £71  824,  or  about  $5  50  per 
square  mile. 

The  town  and  island  of  Bombay  were  surveyed  between  1865  and 
1872  at  a  cost  of  £31  306  =  $152  000,  the  area  being  22.23  sq.  miles,  or 
at  an  average  cost  of  $6  815  per  square  mile. 

The  ratio  of  scale  to  cost  in  the  Indian  work  is  estimated  by  General 
Walker,  chief  of  the  Survey,  to  be  16  ins.  to  1  mile,  7J;  4  ins.  to  1  mile, 
4;  1  in.  to  1  mile,  1;  i.  e.,  the  4  ins.  to  1  mile  map  costs  four  times  as 
much  as  the  1  in.  to  1  mile  map.  Similarly,  the  16  ins.  to  1  mile  map 
costs  seven  and  one-half  times  as  much  as  the  1  in.  to  1  mile  map. 

Austria- Hungary. — Area,  241  550  sq.  miles.  An  entirely  new  survey 
of  the  monarchy  was  ordered  in  1872.  Scale  adopted,  1  :  75  000;  num- 
ber of  sheets  required,  720.  Original  plane  table  sheets  are  on  a  scale 
of  1  :  25  000.  Relief  expressed  by  hachiires,  contours  and  figures.  No 
good  estimate  of  the  cost  of  this  map  is  available.  Captain  George 
M.  Wheeler,  in  his  report  upon  the  Third  International  Geographical 
Congress  at  Venice,  from  which  most  of  these  statements  relative  to 
foreign  surveys  have  been  taken,  says,  p.  275:  "An  estimate  was 
obtained  of  the  cost  of  obtaining  the  field  notes  (1  :  25  000)  for  the  new 
special  map  at  approximately  §400  per  square  mile." 

Baden. — The  area  of  Baden  is  5  820  sq.  miles,  and  since  1875  a 
detailed  topographic  survey,  scale  1  :  25  000,  has  been  in  progress. 
The  resulting  contour  map  is  to  consist  of  170  sheets.  The  cost  of  the 
work  is  stated  to  be — 

For  field  and  office  work Sll  90  per  square  mile. 

For  engraving  and  printing 10  30         "  *' 


Total ^22  20 

Bavaria. — The  area  of  Bavaria  is  29  280  sq.  miles.  A  cadastral  sur- 
vev  (no  elevations  shown)  on  a  scale  of  1  :  5  000,  begun  in  1808,  was 
finished  in  1860.  The  cost  of  this  survey  is  estimated  at  $79  per  square 
mile. 

For  many  years  a  topographic  map  has  been  in  progress.  The 
sujveys  for  this  consist  of  a  revision  of  the  earlier  cadastral  map  with 
the  addition  of  elevations  and  drawing  of  contours.  The  amount  ex- 
pended for  the  work  of  the  Topographic  Bureau  from  the  beginning  of 


DISCUSSION   ON   TOPOGKAPHIC   SURVEYS.  621 

its  work  down  to  1885  is  estimated  at  $1  750  000,  or  at  the  rate  of  about 

860  per  square  mile  for  the  ■whole  cotintry. 

The  current  field  cost  of  the  altitude  determinations,  topography 
and  revision,  is  stated  to  be  from  39  to  313  per  square  mile. 

Belgium. — Area,  11 375  sq.  miles.  All  mapped  on  a  scale  of  1  :  20  000, 
and  1  :  40  000;  contour  interval,  1  m.  Has  been  undergoing  a  com- 
plete revision.  This  revision  has  cost  about  323  per  square  mile.  An 
estimate  made  a  few  years  since  gives  §176  as  the  cost  per  square  mile 
of  the  Belgian  surveys.     The  cost  of  engraving  is  stated  to  be  about 

36  50  per  square  inch. 

France. — The  director  of  the  survey  states  the  cost  of  the  surveys 
of  precision  by  the  engineer  brigade  (scales  1  :  10  000  and  1  :  20  000) 
to  be  100  francs  per  square  kilometer,  or  about  §52  per  square  mile. 

The  cost  of  the  survey  of  Algeria,  scale  1  :  50  000,  is,  for  field  work, 
20  francs  per  square  kilometer,  and  for  engraving,  printing,  etc.,  40 
francs  per  square  kilometer,  a  total  cost  of  about  S31  per  square  mile. 

Great  Britain. — Area  of  the  United  Kingdom,  123  180  sq.  miles. 
Total  expenditures  for  the  Ordnance  Survey  from  its  creation  in  the 
last  century  down  to  1881  was  322  725  000,  giving  an  average  expendi- 
ture for  surveys  of  §184  per  square  mile. 

The  cadastral  survey  of  the  United  Kingdom,  scale  of  map  1 : 2  500, 
began  in  1862,  and  has  cost  an  average  of  23d.  per  acre,  equal  to  3294 
per  square  mile. 

Itali/. — In  1862  Italy  began  the  preparation  of  a  general  topographic 
map  of  the  entire  kingdom  on  a  scale  of  1  :  100  000,  the  map  to  consist 
of  277  sheets.  The  original  field  maps  are  on  a  scale  of  1 :  25  000  and 
1  :  50  000,  with  contours  5  and  10  m.  apart,  respectively.  The  area  of 
the  kingdom  is  111  400  sq.  miles,  and  the  cost  is  estimated  at  from 
S3  300  000  to  85  000  000,  making  a  cost  of  from  330  to  345  per  square 
mile. 

The  director  of  the  survey  in  1885  estimates  the  cost  of  a  single 
sheet,  area  625  sq.  miles,  of  the  1  :  100  000  map  at  31  000  for  triangula- 
tion,  and  32  400  for  the  topography,  if  done  on  the  1  :  50  000  scale,  but 

37  200  if  done  on  the  1  :  25  000  scale,  or  at  a  cost  of  from  35  44  to 
313  12  per  square  mile. 

Prussia. — Area,  159  950  square  miles.  A  topographic  map  is  now  in 
progress  on  a  scale  of  1  :  100  000.  The  original  sheets  are  on  a  scale 
of  1  :  25  000,  with  contour  intervals  of  5  m.  (about  16  ft.).     The  pres- 
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ent  rate  of  cost  for  this  map  is,  for  triangulation,  ^22  45 ;  for  topog- 
raphy, S28  35,  and  for  drawing,  engraving  and  publishing,  ^20  10  per 
square  mile,  a  total  cost  of  about  ^71  per  square  mile. 

Russia. — Of  the  topographic  work  now  in  progress,  and  which  has 
been  in  progress  since  1870,  the  director  estimates  the  cost  at  29.5 
rubles,  or  about  ^22  per  square  mile. 

Cost  of  Topographic  Scbveys  in  the  United  States. 

United  States  Geological  Survey. — The  Geological  Survey  began 
systematically  to  make  a  contour  topographic  map  of  the  United 
States  in  1882.  It  adopted  three  scales,  1  :  250  000,  or  about  4  miles  to 
1  in. ;  1 :  125  000,  or  about  2  miles  to  1  in. ,  and  1 :  62  500,  or  about  1  mile 
to  1  in.  The  contour  interval  has  varied  from  5  to  250  ft.  according 
to  scale  of  map  and  character  of  country  to  be  mapped.  Early  in  the 
history  of  the  work  much  was  done  on  the  smallest  scale  and  little  on 
the  largest  scale.  At  present  and  for  a  few  years  past  the  smallest 
scale  work  has  been  abandoned,  and  a  steadily  increasing  amount  of 
work  has  been  done  on  the  largest  scale. 

The  total  area  mapped  from  the  beginning  to  June  30th.  1893,  is 
583  922  sq.  miles,  and  the  total  cost  for  all  expenditures  whatsoever 
necessary  to  produce  the  finished  manuscript  map  ready  for  the 
engraver  is  ^2  496  776,  an  average  of  $4  27  per  square  mile. 

The  items  of  cost  include  all  salaries,  instruments,  rej^airs,  sup- 
plies, superintendence,  disbursement  for,  not  only  the  topography 
proper,  but  for  all  astronomical  work,  base  measurement,  triangula- 
tion and  leveling,  etc.,  which  are  auxiliary  thereto. 

The  areas  mapped  on  the  different  scales  are  approximately  as 
follows : 

1  :  62  500 80  000  sq.  miles. 

1  :  125  000 300  000       " 

1  :  250  000 200  000 

Total 580  000      " 

The  following  table  shows  the  cost  by  years  from  the  beginning  to 
the  end  of  June,  1893.  The  first  column  gives  the  fiscal  year;  the 
second,  the  total  appropriation  for  the  survey;  the  third,  the  total 
appropriation  for  topography;  the  fourth,  the  percentage  of  the  ap- 
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propriation  for  topography  to  the  whole  appropriation ;  the  fifth,  the 
area  mapped,  in  square  miles;  and  the  sixth,  the  cost  per  square  mile. 

UNITED  STATES  GEOLOGICAL  SURVEY. 

Cost  of  Topography. 


Fiscal  Year,  ending  June  30th. 

Appropria- 
tion. 

Topog- 
raphy. 

Percent- 
age of 

appropri- 
ation. 

Area. 
Square 
miles. 

Cost  per 
squaie 
mile. 

1883 

$256  910 
339  640 
489  040 
503  240 
503  240 
503  240 
605  240 
494  657 
618  615 
589  600 
376  100 

$70  700 
88  600 
160  000 
184  510 
204  656 
202  310 
278  200 
336  200 
361  200 
266  200 
249  200 

27 
26 
33 
37 
41 
40 
46 
68 
68 
45 
66 

15  000 
45  150 
57  500 
81  829 
55  684 

52  062 

64  472 
67  650 

65  575 

53  000 
26  000 

$4  71 
1  96 

1884 

1885 

2  78 

1886 

2  25 

1887 

3  07 

1888 

3  88 

1889 

4  32 

1890 

4  99 

1891 

5  51 

1892 

5  02 

1893 

9  58 

All 

$5  279  552 

$2  401  776 

25  COO 

40  000 

5  000 

25  000 

46 

583  922 

Oonnecticut. 

$2  496  776 

583  922 

$4  27 

This  average  cost  is  derived  from  work  on  three  different  scales.  As 
the  scale  affects  the  cost,  the  following  specific  cases — New  Jersey, 
Massachusetts,  Rhode  Island  and  Connecticut — of  work  executed  under 
the  direction  of  the  U.  S.  Geological  Survey,  and  all  on  the  1  in. 
to  1  mile  scale  will  afford  useful  data  in  determining  the  cost  of  that 
class  of  work  in  the  thickly  settled  eastern  part  of  the  United  States. 

New  Jersey. — The  topographic  survey  of  New  Jersey  was  begun  in 
1877  and  completed  in  1887.  The  total  area  of  the  State  is  7  894  sq. 
miles,  and  the  cost  of  making  the  contour  topographic  map  designed 
to  be  as  accurate  as  the  scale  of  1  in.  to  1  mile  will  admit  of,  was  $54  744, 
being  at  an  average  cost  of  $6  93  per  square  mile.*  Of  the  total  cost, 
about  one-half  was  borne  by  the  State,  and  the  remainder  by  the  Coast 
and  Geodetic  Survey  and  by  the  U.  S.  Geological  Survey.  This 
cost  covers  all  expenses  whatsoever  incurred  in  the  production  of  the 
manuscript  map  ready  for  the  engraver.  The  scale  of  the  drawing 
"was  3  ins.   to  1  mile  ;  contour  interval,  10  and  20  ft.      In  his  final 

*  Geological  Survey  of  New  Jersey,  Annual  Report,  1887,  page  15. 
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report,  Dr.  Cook,  State  Geologist  of  New  Jersey,  estimates  that  the  cost 
would  have  been  not  to  exceed  ^10  per  square  mile  in  case  the  State 
had  been  required  to  execute  its  own  triangulation  for  the  control  of  the 
map. 

Massachusetts. — The  State  of  Massachusetts  was  mapped  by  the 
U.  S.  Geological  Survey,  in  co-operation  with  the  State,  in  the  years 
1884  to  1888.  The  resulting  map,  on  a  scale  of  1  mile  to  1  in. ,  and 
with  20-ft.  contours,  contained  on  53  atlas  sheets,  cost,  for  all  expenses 
of  every  kind  and  character  necessary  to  the  production  of  the  manu- 
script map  ready  for  the  engraver,  $107  800.  Of  this  amount,  $40  000 
was  paid  by  Massachusetts,  and  the  remainder  by  the  U.  S.  Geological 
Survey.  The  average  cost  of  the  Massachusetts  survey  was  $12  97  per 
square  mile. 

Rhode  Island. — The  State  of  Rhode  Island  was  mapped,  in  the  years 

1888  and  1889,  by  the  U.  S.  Geological  Survey,  in  co-operation  with 
the  State.  The  map  produced,  composed  of  15  sheets,  similar  to 
those  in  Massachusetts,  cost  $9  732  51,  one-half  of  which  was  paid  by 
Ehode  Island  and  one-half  by  the  U.  S.  Geological  Survey.  Taking 
the  area  of  the  State  to  be  1  085  sq.  miles,  the  average  cost  was  $8  97 
per  square  mile. 

Connecticut. — The  State  of  Connecticut  was  mapped  by  the  U.  S. 
Geological  Survey,  in  conjunction  with  the   State,  during  the  years 

1889  and  1890.  The  total  cost  of  the  survey  for  expenses  of  every  kind 
and  character,  such  as  salaries,  traveling  expenses,  subsistence,  pay  of 
men  in  office  engaged  in  drawing  the  maps,  etc. ,  including  everything 
necessary  to  the  production  of  the  manuscript  map  ready  for  the  en- 
graver, was  $48  999.  One-half  of  this  cost  was  paid  by  Connecticut  and 
one-half  by  the  U.  S.  Geological  Survey.  The  area  of  the  State 
being  5  004  sq.  miles,  this  gives  an  average  cost  per  square  mile  of 
$9  79.  This  work,  done  under  the  direction  of  the  U.  S.  Geological 
Survey,  yielded  a  manuscript  map  of  the  State  composed  of  33  atlas 
sheets,  all  on  a  scale  of  1  mile  to  1  in.  and  with  20-ft.  contour  intervals. 

Perkiomen  Water  Basin. — A  survey  of  this  basin,  for  increasing  the 
water  supply  of  the  city  of  Philadelphia,  was  made  by  Rudolph  Hering, 
M.  Am.  Soc.  C.  E.,  under  direction  of  Colonel  William  Ludlow,  M. 
Am.  Soc.  C.  E.,  and  completed  in  1885. 

The  survey  comprises  an  area  of  446  sq.  miles  in  Bucks,  Mont- 
gomery, and  Lehigh  Counties,  Pa.     Scale  of  the  map,  400  ft.  to  1  in.  ^ 
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or  1  ;  4  800.  It  has  10-ft.  contours  and  shows  all  roads,  buildings  and 
timber  outlines. 

I  am  informed  by  Mr.  Henry  Gannett  that  the  cost  of  this  work  was 
stated  by  Mr.  Hering  to  be  8145  per  square  mile. 

Mississippi  River  Commission. — A  topographic  map  of  the  banks  of 
the  Mississippi  River  from  Cairo  to  the  Gulf  of  Mexico  was  completed 
by  the  Mississippi  River  Commission  in  1884.  The  manuscript  maps 
on  a  scale  of  1 :10  000  embrace  the  river  and  a  strip  of  land  on  either 
bank  about  f  mile  in  width.  The  river  was  carefully  sounded,  and  the 
resulting  map  of  the  river  and  its  shores  represents  an  area  of  1  954 
sq.  miles  of  land  and  water  surface,  of  which  the  cost  was  899  930, 
or  851  per  square  mile.  * 

Lake  Survey. — A  survey  of  the  northern  and  northwestern  lakes  was 
made  between  1841  and  1881,  by  the  Corps  of  Engineers,  U.  S.  A. 
The  total  sum  expended  on  the  work  was  nearly  83  000  000, 

The  shore  line  was  accurately  surveyed  and  topographic  maps  made 
of  a  strip  along  the  shore  about  J  mile  wide.  This  work  was  based  on 
a  careful  triangulation,  was  done  on  a  scale  of  1 :10  000,  and  cost  for  the 
topography  and  the  triangulation  executed  for  topographic  purposes 
somewhat  more  than  8125  per  square  mile.  The  triangulation  executed 
for  control  of  a  long  and  narrow  strip  of  topography  is  available  for  a 
wider  strip.  If,  however,  a  wide  strip  is  not  surveyed,  the  cost  of  the 
area  is  increased.  The  cost  of  8120  per  square  mile  is  the  amount  esti- 
mated by  General  Humphrey  and  General  Comstock  as  the  cost  of  ac- 
curate topography  on  a  scale  of  1 :10  000,  when  mapped  in  considerable 
bodies.  The  cost  of  the  topography  of  the  Lake  Survey  in  1872  and 
1873  was  8326  per  square  mile,  but  this  was  exceptional,  owing  to  a 
relatively  large  amount  of  triangulation  and  small  amount  of  topog- 
raphy executed  in  those  years. 

Coast  Survey. — The  Coast  Survey  created  in  1807  did  its  first  survey- 
ing in  1817.  It  was  interrupted  the  following  year  and  resumed  in 
1832,  since  which  date  it  has  been  carried  on  without  interrui^tion. 
The  cost  of  the  toj)ography  executed  by  it  has  been  the  subject  of  con- 
troversy, and  several  estimates  have  been  made.  These  estimates  differ 
widely.     Some  of  them  are  here  given. 

*  Report  of  the  MlssisBippi  River  Commission  for  1884,  being  Appendix  W  W  of  Report 
of  the  Secretary  of  War.  H.  of  R.  Ex.  Doc.  1,  Part  2,  49th  Congress,  1st  Session.  Vol.  2,  Part 
4,  p.  2574. 
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Professor  Bache,  second  superintendent  of  the  survey,  in  1848  esti- 
mated* that  the  topography  proper  executed  in  1847  had  cost  ^13  76 
per  square  mile;  but  if  the  base  measures,  triangulation,  reconnaiss- 
ances, astronomical  and  magnetic  work  be  included,  then  the  cost  was 
$27  71  per  square  mile. 

General  0.  B.  Comstock  in  1875,  from  data  published  in  the  Coast 
Survey  reports  for  the  five  years  1864-68,  estimated!  that  the  triangula- 
tion had  cost  S343  per  square  mile,  and  the  topography  $241  per  square 
mile,  making  a  total  cost  for  each  square  mile  of  land  surface  topo- 
graphically mapped,  $584. 

This  estimate  was  warmly  repudiated  by  Mr.  0.  P.  Patterson,  then 
superintendent  of  the  Coast  Survey,  who  declaredj  that  the  most  ex- 
pensive piece  of  work  executed  by  the  Coast  Survey  for  many  years  was 
that  of  Mt.  Desert,  Me. ,  and  that  its  cost  for  all  expenses  whatsoever 
was  $97  per  square  mile,  while  other  areas  had  cost  only  $23,  and  yet 
others  only  $12,  per  square  mile. 

Thereupon  General  Comstock  made  a  new  estimate^  of  the  cost  of 
the  topographic  work  executed  by  the  Coast  Survey,  from  data  pub- 
lished by  the  Coast  Survey  for  the  14  years  1858-72.  This  new  esti- 
mate, based  on  14  years'  experience,  gives  as  the  average  cost  per  square 
mile  of  the  areas  within  which  the  topography  and  triangulation  were 
completed  and  the  map  published,  as  $403.  This  result  is  obtained  by 
charging  the  whole  appropriation  to  three  classes  of  work,  viz.,  trian- 
gulation, topography  and  hydrography,  the  cost  of  the  three  classes 
being  $120  for  triangulation,  $283  for  topography,  and  $80  for  hydrog- 
raphy. The  total  cost  of  the  topography,  including  the  triangulation 
by  which  it  is  controlled,  is  therefore  on  this  estimate  $403  per  square 
mile. 

Captain  George  M.  Wheeler  in  1886,  made  an  estimate||  of  the  cost 
of  the  three  great  classes  of  Coast  Survey  work,  viz.,  triangulation, 
topography  and  hydrography,  based  on  its  entire  experience,  from  the 
beginning  in  1807  to  1886,  and  concludes  that  the  32  000  sq.  miles 
then  topographically  surveyed  had  cost  $333  per  square  mile,  $25  being 
chargeable  to  triangulation,  and  $308  to  topography  proper. 

*  Coast  Survey  Report,  1848,  pp.  3-4. 
t  Sen.  Ek.  Doc.  21,  45th  Congress,  3d  Session,  p.  12. 
t  H.  of  R.  Ex.  Doo.  29,  45th  Congress,  3d  Session,  p.  2. 
§  Sen.  Ex.  Doc.  No.  21,  Part  2,  45th  Congress,  3d  Session,  p.  2. 

II  Wheeler  (G.  H.),  Report  on  Third  Geographical  Congress  at  Venice.  4to,  Washington, 
1885,  p.  533  et  seq. 
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The  Hon.  Hilary  A.  Herbert,  after  carefully  reviewing  the  fore- 
going estimates,  gives  a  figure  of  $250  per  square  mile*  as  an  estimate 
not  unfair  to  the  Coast  Survey. 

To  this  list  of  estimates  I  will  add  one  more.  And  this  estimate  is 
designed  to  get  at  a  fair  evaluation  of  the  cost  of  the  topographic  work 
now  in  progress  and  such  as  has  been  done  in  the  past  few  years,  rather 
than  to  get  at  the  cost  from  the  beginning. 

The  Coast  Survey  report  for  1890,  the  latest  one  received,  contains  a 
detailed  and  classified  statement  of  expenditures,  and  thus  affords  the 
data  for  determining  the  cost  of  various  classes  of  work  for  that  year. 

From  it  we  have,  neglecting  odd  dollars  and  cents — 

Party  expenses,  1889-90 $156  290 

Permanent  salaries 235  500 

All  other  expenses 116  580 

Total  expenditures $508  670t 

In  this  same  report  the  party  expenses  are  classified  under  thirteen 
heads,  which,  arranged  in  groups,  are  as  follows: 

Hydrography $51  878 

Physical  hydrography 6  510 

Tidal  operations 5  111 

Coast  pilot 4  500 

Magnetics 3  900 

$71  899 

Topography $25  032 

Triangulation  in  immediate  connection  therewith.      23  757 

$48  789 

Transcontinental  geodetic  triangulation $21  032 

Triangulation  for  States 7  175 

Precise  leveling 3  040 

Astronomical  work  (longitudes) 2  646 

Gravity  experiments 1  700 

$35  593 


*  H.  of  R.  Report  2740,  49th  Congress,  1st  Session,  p.  77. 

t  This  figure  is  from  the  Digest  of  Appropriations  for  1889-90.  The  Coast  Survey  re- 
port for  1890  gives  as  the  appropriation  $530  45813;  and  as  the  expenditure,  $485  992  76, 
leaving  an  unexpended  balance  on  hand  of  $44  465  37.  If  this  balance  was  turned  back  into 
the  Treasury,  the  above  sum  should  be  diminished  by  $22  667;  if  it  was  all  used,  the  sum 
should  be  Increased  by  $21  788. 
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The  first  group  contains  the  items  chargeable  to  hydrography  ex- 
clusively. The  item  magnetics  is  a  small  one,  and  this  work  being 
undertaken  primarily  for  the  mariner,  it  may  properly  be  charged  to 
hydrography. 

The  second  group  contains  the  items  topography  proper  and  trian- 
gulation,  upon  -which  it  more  immediately  depends,  i.  e.,  the  secondary 
and  tertiary  triangulation.  It  does  not  include  the  primary  triangu- 
lation  nor  the  astronomical  and  base-measuring  work  upon  which  it 
depends,  these  latter  being  charged  to  the  third  group. 

The  third  group  is  made  up  of  the  geodetic  elements  of  the  Survey, 
79%"  of  it  being  for  triangulation.  All  of  these  items  of  expenditure, 
except  the  gravity  experiments,  are  incurred  for  the  purpose  primarily 
of  making  accurate  maps,  topographic  and  cadastral,  and  secondly,  or 
incidentally,  of  determining  more  accurately  than  we  now  know  the 
size  and  shape  of  the  earth.  For  these  purposes  the  larger  part  of  the 
cost  is  properly  chargeable  to  topography. 

The  whole  expenditure  of  $156  290  during  the  year  1889-90,  called 
"party  expenses,"  may  therefore  properly  be  charged  against  three 
classes  of  work,  as  follows : 

Hydrography 46% $71  900 

Topography  and  the  triangulation 31% 48  790 

Geodetic     work     (including    triangula- 
tion)   23% 35  600 

Total  party  expenses $156  290 

This  division  of  party  expenditures  we  shall  now  assume  to  be  a 
fair  basis  upon  which  to  apportion  the  parts  of  the  permanent  salary 
list  and  miscellaneous  expenses  chargeable  to  the  three  groups  of 
hydrography,  topography  and  geodesy,  and  so  doing,  have  this  table: 


Party 
Expenses. 

Percent. 

Salaries. 

Miscellaneous 
Expenses. 

Total. 

Area. 
Square 
miles. 

Cost  per 
square 
mile. 

Hydrography. . . 

Topography 

Geodesy 

$71  900 
48  790 
35  600 

46 
31 

23 

$108  330 
73  005 
54  165 

$53  765 
36  233 
26  882 

$233  995 
168  028 
116  647 

5  314 
839 

$44 

188 

Total 

$166  290 

100 

$235  600 

$116  880 

$508  670 
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The  cosl  of  the  topographic  work  executed  in  1889-90  thus  comes  out 
$188  per  square  mile,  which  amount  also  includes  the  cost  of  engrav- 
ing. This  amount  is  probably  somewhat  too  low,  since  a  part  of  the 
cost  of  geodetic  work  should  be  charged  to  topography,  and  also  be- 
cause by  reason  of  the  service  rendered  by  naval  officers  to  hydrog- 
raphy, less  than  4:6%  of  the  salary  list  should  be  charged  to 
hydrography. 

These  results  are  based  on  the  single  year  1889-90.  They  do  not, 
however,  differ  much  from  those  similarly  derived  for  several  years 
back. 

The  party  expenses  of  the  past  seven  years  are  shown  in  the  follow- 
ing table.  The  classification  is  the  same  as  that  set  forth  for  1889-90. 
The  percentage  of  expense  chargeable  to  three  great  classes  of  work, 
viz. ,  topography  (including  the  smaller  triangulation  incident  thereto) , 
hydrography  and  geodesy,  are  y,  f  and  \. 

Pabtt  Expenses  (Permanent  Salaries  not  Included)  of  the  United 
States  Coast  and  Geodetic  Survey. 


Fiscal  years  ending  June  3d. 

Triangulation  and 
Topography. 

Hydrography. 

Geodesy. 

Total. 

1885 

$66  797 
67  768 
54  005 
57  070 
51  996 
48  789 
40  982 

$66  286 
72  240 
57  564 
64  669 
72  10  i 
71  909 
76  006 

$40  953 
46  334 

32  266 
35  489 

33  353 
35  592 
43  773 

$164  036 

1886 

185  342 

1887 

143  835 

1888 

157  128 

1889 

157  451 

1890 

l.'>6  290 

1891 

160  761 

$387  407 

$470  676 

$266  760 

$1  124  843 

'    $66  344 

$67  239 

$38  108 

$160  692 

34% 

42^ 

24^ 

These  percentages  afford,  I  think,  the  best  means  of  judging  the 
cost  of  the  different  classes  of  work  in  the  past  few  years. 

The  work  classed  as  geodetic  is  in  the  main  made  up  of  the  two 
items,  "Transcontinental  Geodetic  Triangulation,"  and  "  Furnishing 
Points  to  States,"  those  items  constituting  about  10%  of  the  whole. 
There  is  included  precise  leveling  and  telegraphic  longitudes.  As  all 
these  operations  are  primarily  designed  to  form  the  foundation  of  a 
map  of  the  whole  country,  and  only  secondarily  and  incidentally  to 
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contribute  to  a  better  knowledge  of  the  size  and  shape  of  the  earth, 
this  portion  of  the  expenditure  is  properly  chargeable  to  the  cost  of 
the  map  which  is  to  be  made.  It  should  not,  however,  be  charged  to 
the  cost  of  the  maps  into  whose  contribution  it  does  not  enter. 

The  average  expenditure  of  the  Coast  Survey  in  the  last  eight  years 
has  been  S509  000,  and  the  average  area  topographically  mapped  has 
been  800  sq.  miles  per  year.  Of  this  amount  expended,  3A%,  or 
one-third,  has  been  used  for  the  topography  and  secondary  and  ter- 
tiary triangulation  connected  with  it.  This  yields  an  average  cost  of 
$212  per  square  mile. 

This  cost  includes  the  engraving,  but  does  not  include  any  expendi- 
ture for  the  base  measurements,  astronomical  work  or  primary  trian- 
gulation. I  regard  an  estimate  of  $200  per  square  mile  as  rather 
below  than  above  the  truth,  and  as  entirely  fair  to  the  Coast  Survey. 

The  estimates  of  the  cost  of  the  topographic  work  executed  by  the 
Coast  Survey  may  therefore  be  summarized  as  follows: 


1847 

1864-68 

1858-72.".!.'.'." 
1807-86 

Recent  years 


Cost  per  square  mile  of — 


Triangulation.     Topography.     Total 


$13  95 
343  00 


120  00 
25  00 


$13  76 
241  00 
12  to  97 
283  00 
308  00 


$27  71 
584  00 

403"  00 
333  00 
250  00 
200  00 


Estimate  made  by 


Alex.  D.  Bache,  Supt.  C.  S. 
Gen.  C.  B.  Comstock,  V.  S.  Engs 
C.  P.  Patterson,  Supt.  C.  S. 
Gen.  C.  B.  Comstock,  U.  8.  Engs. 
Capt.  Geo.  M.  Wheeler,  U.  S.  Engs 
Hon.  Hilary  A.  Herbert. 
Marcus  Baker. 


Map  of  the  District  of  Columbia.— K  topographic  map  of  the  District 
of  Columbia  was  begun  in  1881  by  the  Coast  Survey  in  conjunction 
with  the  Engineer  Office  of  the  District  of  Columbia.  The  scale 
adopted  was  1:4800,  or  about  13  ins.  to  1  mile,  and  the  contour  inter- 
val, 5  ft.  The  party  expenses  were  specifically  provided  for  in  the 
District  of  Columbia  Appropriation  Bill,  which  for  the  11  years,  1881 
to  1891,  inclusive,  appropriated  annually  an  average  sum  of  a  little  less 
than  $6  000. 

The  land  area  of  the  District  of  Columbia  is  60  sq.  miles,  of 
which  11.8  sq.  miles  lie  within  the  original  limits  of  Washington 
and  Georgetown,  and  were  not  included  in  the  survey.  Hence,  the 
survey  covered  48.2  sq.  miles,  and  for  this  area  the  party  expenses 
amount  to  $65  600,  or  $1  361  per  square  mile. 
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In  the  experience  of  the  Geological  Survey,  paity  expenses  consti- 
tute one-third,  of  the  cost  of  the  finished  manuscrii^t  map.  There  is 
little  departure  from  this  ratio  in  a  rather  extensive  experience.  If 
the  same  ratio  applies  in  Coast  Survey  experience,  then  the  cost  is 
^  083  per  square  mile,  or  $6  40  per  acre.  Assuming,  however,  that 
salaries  of  the  officers  and  surveyors  who  did  this  work  were  only  just 
equal  to  the  party  expenses,  the  cost  would  be  ^2  722  per  square  mile. 
The  data  for  a  close  estimate  are  not  at  hand,  but  I  am  of  opinion  that 
tne  cost  of  the  manuscript  map  of  the  survey  will  be  found  not  less 
than  ^3  000  per  square  mile,  or  nearly  ^5  per  acre. 

The  appropriations  for  this  work,  made  by  Congress,  1881-91,  were 
"for  surveys  of  the  District  of  Columbia  with  reference  to  the  future 
extension  of  various  avenues  to  the  district  line,"  and  are  as  follows: 


Fiscal  year  ending 
June  30th. 


1881 
1882 

1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 


Appropriation. 


$5  000 
5  000 
5  000 
5  000 
5  000 
5  000 
4  000 
4  000 
10  000 
10  000 
7  600 


$65  660 


Keference. 


United  States  Statutes  at 


Large,  Vol.  21,  p.  156. 
"     21,  p.  458. 
22,  p.  135. 

22,  p.  464. 

23,  p.  125 

23,  p.  313. 

24,  p.  132. 

24,  p.  673. 

25,  p.  319. 

25,  p.  799. 

26,  p.  298. 


SUMMABY   OF  THE  CoST  OF  ToPOGKAPHIC  SUBVEYS  IN  THE  UNITED  STATES. 


Area. 
Square 
miles. 

Cost. 

Cost  per 
square 
mile. 

Scale  of 
manuscript  map. 

United  States  Geological  Survey . . 

583  922 

7  894 

8  315 
1  085 
5  004 

446 
1  954 

48!2 

$2  496  776 

54  744 

107  800 

9  733 

48  999 

'"99  930 

$4  27 

6  93 
12  97 

8  97 

9  79 
145 

51 
125 
200* 
3  000 

f  1  :  125  000 
J  1  :  62  500 
■'1:45  000 
[  1  :  30  000 
1  •  21  120 

1  :  30  000  and  1:  45  000 

Rbode  Island 

1  :  in  000 
1  •  45  000 

Perkiomen  Water  Basin 

Mississippi  River  Commission.... 

United  States  Lake  Survey 

United  States  Coast  Survey 

1  :    4  800 

1  :  10  000 

1  :  10  000 

1  :  10  000  and  1:20  000 

1   •  4  800 

•  Publication  includbd. 
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Mr.  Hebbekt  G.  Ogden.  — Mr.  Allen's  remarks  are  a  valuable  con- 
tribution to  this  subject,  in  giving  us  some  definite  data  on  the  cost  of 
several  surveys  for  special  purposes,  and  especially  in  the  details  of 
the  errors  of  closure  in  work  of  this  kind  ;  information,  it  seems,  very 
diflBcult  to  obtain.  Such  information  bears  directly  on  the  recommen- 
dation that  some  rules,  or  a  criterion,  should  be  established,  by  which 
the  results  of  topographic  surveys  should  be  gauged,  and  I  am  ex- 
ceedingly pleased  that  he  approves  of  the  suggestion.  I  wish  that  he 
might  go  further,  and,  indeed,  that  all  civil  engineers  would  take  an 
interest  in  the  subject,  and  express  themselves  personally  and  through 
their  societies  on  this  important  question  of  a  criterion,  particularly 
in  the  details,  specifying  the  degree  of  accuracy  that  should  be  re- 
quired to  render  general  topographic  work,  that  could  be  obtained 
within  a  reasonable  cost,  of  the  best  quality  for  engineering  purposes. 

Mr.  Gannett's  statements  would  have  been  of  more  value  to  us  if 
he  had  specified  the  degree  of  accuracy  that  is  obtained  in  the  work 
conducted  under  his  direction.  We  may  all  be  quite  agreed  that  cer- 
tain features  should  be  represented  ;  but  how  accurately  they  should 
bear  their  true  relations  to  each  other  has  often  been  in  dispute  and 
still  seems  far  from  settlement.  It  is  far  from  satisfactory  that  Mr. 
Gannett  should  ask  "how  the  errors  of  a  map  are  to  be  determined 
absolutely,  since  any  work  done  to  test  the  map  is  itself  liable  to 
error. "  Indeed,  this  would  imply  that  the  degree  of  accuracy  attained 
in  his  own  work  has  not  yet  been  fully  ascertained.  That  "two  sur- 
veys of  the  same  ground  will  only  serve  to  illustrate  the  difierences 
between  the  surveys,"  is  a  statement  that  will  hardly  be  accepted  by 
surveyors.  Mr.  Allen  has  shown  us  how  work  under  his  cognizance 
has  been  checked,  and  I  am  quite  sure,  as  he  suggests,  that  any  state- 
ment on  the  face  of  a  map  that  will  explain  the  methods  that  were 
emjiloyed  in  making  the  survey  would  convey  to  the  great  majority 
of  engineers  the  degree  of  accuracy  in  the  completed  work,  provided, 
of  course,  they  have  confidence  in  the  fidelity  of  the  surveyor  who 
executed  it.  But  a  re-survey  is  never  necessary  to  determine  the  ac- 
curacy of  a  i^iece  of  work  ;  an  instrumental  examination  can  always 
be  made,  covering  large  areas,  in  a  very  short  period,  that  will  develop 
the  general  reliability  of  the  map.  No  more  is  it  necessary  that  we 
should  know  the  height  of  a  hill  to  be  sure  that  our  survey  lias  de- 
termined it  within  5  ft.,  for  experience  has  demonstrated  that  certain 
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instruments  carefully  used  will  produce  certain  results  ;  and  in  all 
surveys  there  are  more  or  less  opportunities  to  bring  checks  on  ele- 
vations, as  well  as  distances,  that  we  know  from  experience  must  de- 
termine the  results  within  well-defined  limits.  Mr.  Allen's  example 
is  a  very  happy  one,  but  will  any  of  us  believe  that  if  his  distances 
had  been  measured  by  an  odometer,  his  directions  by  a  compass,  and 
elevations  by  an  aneroid  barometer — the  method  followed  in  much  of 
the  traverse  work  of  the  Geological  Survey  *— that  his  work  would  have 
checked  as  he  has  reiiresented  ?  Mr.  Gannett  admits  that  checks  are 
available  in  some  descriptions  of  work  ;  we  have  only  to  specify 
what  discrepancies  should  be  permitted  in  using  these  checks  for  dis- 
tances, and  establish  like  rules  for  elevations,  to  form  a  reasonable 
criterion. 

I  have  already  stated  that  it  is  impracticable  to  prepare  an  esti- 
mate of  the  average  cost  of  the  topographic  work  of  the  Coast  and 
Geodetic  Survey,  although  many  attempts  have  been  made  to  do  so. 
The  figures  presented  by  Mr.  Gannett,  about  ^200  per  square  mile,  are 
doubtless  derived  from  the  estimates  recently  prepared  by  his  asso- 
ciate, Mr.  Marcus  Baker.  Estimates  of  a  similar  character  were  pre- 
sented  by  General  Comstock  some  years  ago,  placing  the  average  cost 
at  something  over  $400  per  square  mile.  More  recently.  Captain 
Wheeler  found  $330  more  nearly  correct ;  and  now  Mr.  Gannett  pre- 
sents revised  figures,  reducing  the  sum  to  $200.  I  sincerely  trust  our 
friends  who  are  interested  in  this  matter  will  continue  their  figuring 
in  the  hope  that  eventually  it  will  bring  the  price  down  to  some- 
thing that  can  at  least  be  admitted  as  an  approximation.  We  know 
very  well  the  cost  of  many  individual  pieces  of  work  ;  those  to  which 
I  have  referred  represent  the  cost  of  areas  that  have  been  among  the 
most  difficult  and  expensive;  and  an  estimate,  therefore,  of  the  aver- 
age cost  of  the  topography  of  the  Coast  Survey  that  is  more  than 
twice  as  great  as  these  individual  instances  cannot  have  much  reliance 
placed  upon  it. 

These  excessive  estimates  for  the  cost  of  Coast  Survey  topography 
are  largely  due  to  the  methods  employed  in  preparing  them,  much 
more  to  this  cause  than  to  the  details  of  the  operations  Mr.  Gannett 
has  referred  to,  though  doubtless  the  production  of  accurate  work  is 
more  expensive  than  work  of  a  lower  grade.      They  have  uniformly 

•  Report  of  Superintendent,  Coast  and  Goodetic  Survey,  lb91.  Appendix  16,  page  708. 
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been  based  tipon  an  assumption  that  in  the  total  expenditures  for  the 
Survey  the  cost  of  triangulation,  topography  and  hydrography  must 
have  been  incurred  in  fixed  ratios  to  the  whole  amount,  and  that  all 
the  expenditures  for  the  Survey  are  properly  chargeable  to  one  of 
these  classes  of  work.  This  assumption  ignores  the  fact  that  large 
sums  are  expended  annually  in  the  maintenance  of  published  work, 
the  publication  of  results,  support  of  plant,  executive  work,  special 
surveys,  re-surveys  and  examinations,  and  similar  operations  that  do 
no  pertain  to  the  three  principal  classes,  but,  having  been  included 
in  these  estimates,  render  the  ratios  worthless.  To  put  figures  derived 
from  such  sources  beside  those  from  the  Geological  Survey,  which 
embrace  only  the  completion  of  the  manuscript  map,  or  beside  those 
for  the  State  surveys  of  Massachvisetts  or  New  Jersey,  which  go  no 
further,  and  also  omit  the  cost  of  triangulation,  is  calculated  to  mis- 
lead and  would  vitiate  any  estimates  that  should  be  based  upon  them. 
The  field  work  of  the  topography  of  the  Coast  Survey  is  so  involved 
with  expenditures  for  triangulation  and  hydrography,  executed  by  the 
same  parties  and  paid  for  on  the  same  rolls,  that  it  is  impossible  to 
separate  the  charge  for  topography  from  other  expenditures;  but  even 
if  we  could  do  so,  the  cost  of  the  narrow  strip  of  work  embraced  in 
our  operations  would  not  be  a  guide,  and  could  hardly  be  used  in 
estimating  the  cost  of  topographic  work  away  from  the  coast,  since 
the  details  of  shore-line,  islands,  ledges,  rocks  and  low  water  that  are 
represented  on  our  sheets,  besides  the  difficulty  and  great  expense 
incident  to  maintaining  field  parties  on  many  sections  of  the  coast,, 
necessitate  expenditures  greatly  enhancing  the  cost  and  that  would 
not  be  incurred  on  plain  interior  work. 

Mr.  Gannett's  estimates  for  the  time  required  to  survey  the  whole 
United  States  are  unique,  and  might  be  used  for  an  argument  if  they 
were  based  upon  correct  premises.  Unfortunately  for  the  argument, 
however,  he  has  interpreted  my  statement  that  the  cost  of  topographic 
work  would  not  exceed  $35  or  $45  per  square  mile  for  the  most  diffi- 
cult and  detailed  areas  as  an  estimate  for  the  average  cost  per  square 
mile.  I  regret  that  he  should  have  so  misunderstood  my  plain  state- 
ment, as  it  involves  him  in  a  computation  that  runs  forward  to  the 
year  2373  a.  d.  In  point  of  fact,  the  suggestions  I  made  were  to 
accomplish  the  survey  in  a  generation,  which  is  even  a  shorter  time 
than  is  now  claimed  would  be  necessary  to  complete  the  topographic 
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work  of  the  Geological  Survey.  Joint  work  by  the  National  Govern- 
ment and  the  States  would  in  a  very  few  years  permit  a  moderate 
assistance  to  all  the  States,  and  certainly,  if  all  the  States  were  engaged 
at  once  in  making  surveys  within  their  own  territories,  we  would 
hardly  anticipate  a  delay  in  the  final  results  of  480  years,  or  even  50 
years.  But  all  estimates  predicting  the  time  within  which  such  a  great 
work  can  be  accomplished  are  tentative  and  subject  to  modification 
by  changes  occurring  in  the  future,  and  over  which  we  have  no  con- 
trol; and  I  look,  therefore,  upon  estimates  of  this  character  as  very 
largely  a  waste  of  time.  In  1856  the  Superintendent  of  the  Coast  Sur- 
vey estimated  that,  at  the  rate  of  progress' then  being  made,  he  would 
complete  the  original  surveys  of  the  Atlantic  and  Gulf  coasts  in  about 
12  years.  The  estimate  was  doubtless  correct  if  all  things  had 
remained  equal;  but  our  Civil  War  was  soon  an  interruption,  and 
subsequently  the  necessity  for  re-surveys  and  the  demand  for  more 
rapid  extension  in  more  important  localities  necessitated  deferring  a 
large  part  of  the  work  on  the  Atlantic  and  Gulf  coasts,  that  the  forces 
available  might  be  utilized  in  these  other  more  important  localities, 
and,  consequently,  the  original  surveys  can  hardly  be  said  to  be  com- 
pleted to-day.  Another  instance  of  the  unreliability  of  such  estimates 
can  now  be  found  in  the  Geological  Survey.  In  1885  Major  Powell,  the 
Director,  stated  that  at  the  rate  of  progress  of  his  work  at  that  time 
he  estimated  that  he  would  be  able  to  complete  the  geological  map  of 
the  United  States,  exclusive  of  Alaska,  in  a  period  not  longer  than  24 
years;*  but  now  Mr.  Gannett  estimates  that  the  topogra^jhic  work 
alone  will  require  twice  that  period  of  time,  and  from  one  of  Mr. 
Baker's  tables  I  find  that  the  pverage  cost  per  square  mile  for  this 
topography  has  been  increased  from  $4.27  for  11  years  to  $6  for  the 
last  three  years,  and  to  $9. 58  for  the  year  1893.  If  the  estimates  of 
the  Geological  Survey  are  to  increase  at  this  alarming  ratio,  we  may 
well  fear  that  the  year  2373  A.  d.  will  overtake  even  that  progressive 
organization  before  it  has  completed  the  topographic  survey,  and  that 
S120  000  000  will  be  a  mere  bagatelle  in  comparison  with  the  actual 
cost. 

Mr.  Baker  has  restricted  his  estimates  of  the  cost  of  the  field  work 
of  the  Coast  Survey  to  the  seven  years  since  1885.     For  reasons  which 

*  Public  Documents— Senate,  49th  Congress,  1st  Session,  Miscellaaeous  Documents 
No.  82,  pages  20  and  42. 
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I  have  before  outlined  it  is  impracticable  to  ascertain  the  exact  cost 
of  any  branch  of  the  work,  even  for  this  brief  period  ;  but  an  approx- 
imation could  doubtless  be  arrived  at  by  a  thorough  inspection  of  the 
accounts  ;  this  would  prove  or  disprove  Mr.  Baker's  statements.  But 
for  the  present  purpose  it  will  be  quite  sufficient  to  show  that  he  has 
fallen  into  a  very  serious  error,  which  will,  at  least,  prove  the  negative. 
An  endeavor  to  divide  the  work  into  three  classes  for  the  past  few 
years,  with  sufficiently  complete  data  before  him  to  show  the  nature  of 
the  expenditures,  is  a  serious  mistake  that  seems  to  be  hardly  justifi- 
able in  preparing  an  estimate  that  was  to  be  compared  with  the  cost  of 
other  surveys  which  include  no  expenditures  beyond  the  manuscript 
map,  as  shown  in  his  final  table  of  the  cost  of  diflferent  surveys  in  the 
United  States;  but  he  has  committed  a  much  more  marked  oversight  in 
charging  all  the  expenses  of  the  subsidiary  triangulation  to  topogra- 
phy, for  his  experience  as  an  officer  of  the  Coast  Survey  for  a  number 
of  years  should  certainly  have  taught  him  that  triangulation  is  as 
essential  in  the  execution  of  hydrographic  work  as  it  is  in  topographic 
work.  The  percentages,  therefore,  that  he  presents  are  entirely  un- 
trustworthy. If  we  should  transfer  to  hydrography  one-half  of  the 
expense  of  triangulation  that  he  has  allotted  to  topography,  it  would 
reduce  his  final  estimate  of  the  cost  of  topographic  work  about  24  per 
cent.  What  further  reduction  would  be  made  by  allotting  expendi- 
tures to  the  various  classes  to  which  they  should  properly  belong  I  am 
unable  to  say,  and  must  leave  Mr.  Baker  or  some  other  kind  friend  the 
task  of  ascertaining. 

The  detailed  survey  of  the  District  of  Columbia  was  conducted 
jointly  by  the  city  government  and  the  Coast  Survey,  and  I  am 
not  aware  that  the  total  expenditure  has  ever  been  compiled,  although 
there  should  be  no  difficulty  in  ascertaining  the  fact  if  required.  I 
have  already  described  the  work,  but  may  as  well  lay  stress  here  on  the 
fact  that  the  elevations  are  determined  with  the  same  j^recision  as  the 
linear  distances ;  and  in  view  of  the  cost  of  all  detailed  work  of  this 
character  of  which  we  have  any  record,  in  which  both  the  horizontal 
and  vertical  distances  have  been  determined  with  absolute  precision,  I 
do  not  believe  that  even  the  estimate  presented  by  Mr.  Baker,  for  $5 
per  acre,  would  be  excessive.  In  Appendix  16  of  the  Coast  Survey 
Report  before  referred  to  are  two  letters  from  Mr.  J.  C.  Olmstead,  in 
which  he  gives  the  cost  of  a  number  of  special  surveys  for  park  im- 
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provements  and  similar  purposes,  and  in  which  he  concludes  "that  the 
fair,  ordinary  cost  for  a  quality  of  survey  such  as  suits  our  purposes  ia 
generally  about  ^5  per  acre. "  But  he  states  that  such  surveys  range 
from  $2.50  to  $20  or  more  per  acre,  the  larger  price,  of  course,  including 
much  greater  detail,  such  as  shrubbery,  boulders,  etc.,  that  may 
appear  upon  the  surface.  Statements  of  cost,  to  be  intelligible,  should 
embrace  statements  of  the  accuracy  of  the  work  with  them,  for  the 
greater  cost  is  usually  entailed  by  greater  accuracy.  The  appearance 
of  the  map  is  not  always  a  safe  guide  to  a  judgment  of  its  value,  and  I 
deprecate  all  comparisons  that  do  not  explicitly  set  forth  the  degree  of 
accuracy  the  work  represents. 

Let  the  engineers  in  the  country  determine  the  character  of  the 
work  that  will  best  subserve  general  purposes,  and  we  may  be  assured 
that  legislators  and  those  interested  in  the  general  welfare  will  appre- 
ciate their  efiforts  and  assist  in  securing  its  accomplishment. 
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THE  USE  OF  LONG  STEEL  TAPES.— DISCUSSION 
ON  PAPER  No.  636.* 


By  Egbert  Mooke,  ChabijES  B.  Beush,  J.  A.  Ockebson,  O.  B.  Wheelee 
and  H.  M.  MabshaTjTi. 


Eobeet  Mooee,  M.  Am.  Soc.  C.  E. — 1  can  give  an  incident  from  my 
own  experience  in  regard  to  the  use  of  steel  tapes  wMch  I  now  use  for 
all  classes  of  work  in  preference  to  anything  else.  Some  years  ago, 
when  it  became  necessary  to  construct  the  elevated  line  of  the  Mer- 
chants' Bridge  Terminal,  the  railroad  company  undertook  to  place 
the  foundations  on  which  the  superstructure  was  afterwards  to  be 
placed,  and  it  became  necessary  to  so  locate  them  that  the  superstruct- 
ure would  go  on  without  any  misfits?  I  sent  to  the  Phoenix  Bridge 
Company,  who  were  making  the  superstructure,  and  asked  them  to 
send  me  a  steel  tape  which  was  accurately  compared  with  their  stand- 
ards. In  reply  they  told  me  that  it  was  not  their  practice  to  make 
accurate  measurements  with  steel  tapes  at  all ;  but  that  they  used 
wooden  rods.  So  in  jjlace  of  the  steel  tapes  they  sent  me  some  wooden 
rods  which  were  accurately  compared  with  the  standard  in  use  in  their 

*  "  Becent  Experience  on  the  U.  S.  Coast  and  Geodetic  Survey  in  the  Use  of  Long  Steel 
Tapes  for  Measuring  Base  Lines."    By  R.  S.  Woodward.  C.  E.    Transactions,  Vol.  XXX,  page  81, 
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shop.  I  instructed  the  assistants  to  use  these  rods  on  the  work. 
They  reported,  however,  that,  owing  to  the  difficulty  in  making 
and  maintaining  perfect  contact  between  the  rods,  their  work  did  not 
check  up  as  well  as  with  the  steel  tape,  and  requested  my  permission 
to  lay  the  rods  aside.  This  was  accordingly  done,  and  the  steel  tape 
only  used  in  placing  the  several  thousand  anchor  bolts  which  were 
necessary  in  this  structure.  The  results  were  entirely  satisfactory,  as 
in  placing  all  the  spans  there  was  not  a  single  misfit  due  to  any  failure 
in  placing  the  anchor  bolts.  I  am  satisfied  there  is  nothing  superior 
to  the  steel  tape  for  all  purposes  of  engineering  work. 

Chas.  B.  Bkush,  M.  Am.  Soc.  C.  E. — The  foundations  of  all  the 
structures  for  the  North  Hudson  County  Railway  Company  in  New 
Jersey  were  located  with  steel  tapes.  There  was  no  difficulty.  The 
results  obtained  were  satisfactory. 

J.  A.  OcKEKSON,  M.  Am.  Soc.  C.  E. — In  August,  1880,  abase  line  for 
secondary  triangulation  was  measured  by  the  writer  with  a  300-ft. 
steel  tape.  This  is  thought  to  be  the  first  secondary  base  measured 
with  a  long  steel  tape  in  this  country.  It  was  measured  as  an  initial 
base  for  the  secondary  triangulation  of  the  Mississippi  River. 

This  base  line  is  situated  in  Missouri,  opposite  the  mouth  of  the 
Illinois  Biver.     It  was  6  663  ft.  long  and  level  from  end  to  end. 

A  constant  and  uniform  tension  in  the  taj^e  was  obtained  by  a  fixed 
weight  hung  over  a  pulley. 

Only  one  thermometer  was  available,  hence  only  one  was  read. 
The  tai^e  was  supported  on  the  tops  of  stakes  1  in.  wide  at  intervals  of 
25  ft.  The  stakes  on  which  the  marks  were  made  were  entirely 
detached  from  the  straining  stakes. 

Two  measurements  were  made  under  a  bright  sun  with  an  average 
temperature  of  94'^  Fahr.  2  ft.  from  the  ground,  and  123^  with  the 
thermometer  lying  on  the  ground. 

Each  measurement  occupied  nearly  four  hours,  and  the  discrepancy 
in  the  two  measurements  was  1  in  73  000. 

In  1891,  a  base  was  measured  at  New  Boston,  111.  Length  of  base, 
18  066  ft.  Average  time  required  for  each  tape  length,  2.2  minutes. 
Discrepancy  between  first  and  second  measurements,  1  in  759  000.  The 
measurement  was  made  before  sunrise. 

In  1892,  a  base  line  was  measured  at  Bapids  City,  111.  Length  of 
line,  5  624  ft.     Time  required  for  first  measurement,  41  minutes;  second, 
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28  minutes.  Discrepancy  between  first  and  second  measurements,  1  in 
594  917. 

In  1893,  three  secondary  base  lines  have  been  measured,  viz. :  At 
East  Dubuque,  111. ,  length,  7  105  ft.  Time  required  for  first  measure- 
ment, 68  minutes;  second,  53  minutes.  Discrepancy  between  first  and 
second  measurement,  1  in  346  965. 

Cassville,  Wis. ,  length,  7  001  ft.  Length  of  time  of  first  measure- 
ment, 47  minutes;  second,  37  minutes.  Discrepancy  between  fij:st  and 
second  measurements,  1  in  266  412. 

Prairie  du  Chien,  Wis.,  5  312  ft.  long.  First  measurement  made  in 
45  minutes,  second  in  35  minutes.  Discrepancy  between  first  and 
second  measurements,  1  in  265  000. 

None  of  these  measurements  were  made  in  the  sun. 

The  tape  used  in  the  above  measurements,  except  the  first,  is 
300.03851  ft.  in  length  with  a  tension  or  pull  of  16  lbs.  at  a  tempera- 
ture of  62°  Eahr.,  and  supported  at  intervals  of  30  ft. 

The  dimensions  are  0.0246  by  0.1225  in.;  area  of  cross-section, 
0.003014  sq.  in. 

The  tape  was  made  by  Buff  &  Berger. 

The  preparation  of  a  base  line  one  mile  long  requires  about  500  ft.  of 
lumber  for  supporting  and  straining  stakes.  It  requires  the  labor  of 
six  men  for  about  two  days,  to  clear  the  line,  set  the  stakes,  and  establish 
the  grades.  The  measuring  is  best  done  with  one  man  at  each  30-ft. 
length,  one  marker  and  one  helper  at  the  rear  end,  one  marker  and  two 
helpers  at  the  front  end,  and  one  man  at  each  of  three  thermometers, 
or  a  total  of  16;  a  much  smaller  number  could  do  the  work  very  well. 

In  the  survey  of  the  Mississippi  Biver,  the  results  obtained  with  the 
long  steel  tape  have  been  highly  satisfactory,  and  the  small  cost  of  a 
line  measured  in  this  way  makes  it  practicable  to  use  more  lines  and 
thus  materially  reduce  the  magnitude  of  the  errors  in  a  chain  of  tri- 
angulation  by  having  more  frequent  checks.  It  has  therefore  been 
decided  to  have  base  lines  at  intervals  of  about  25  miles  or  about  12 
triangles  apart. 

In  the  enumeration  of  base  lines  given  above,  the  figures  are  only 
given  in  round  numbers,  as  the  final  reductions  of  some  of  them  'have 
not  yet  been  made. 

With  proper  appliances  and  careful  manipulation  a  high  degree  of 
accuracy  can  be  attained  with  the  steel  tape,  and  it  should  be  adopted 
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■without  hesitation  for  all  base  lines,  except  a  very  few  standard  primary 
bases  to  be  used  as  initial  and  final  check  lines. 

The  important  thing  is  the  correct  temperature  of  the  tape.  The 
latter  is  very  sensitive  and  responds  to  changes  of  temperature  more 
quickly  than  the  ordinary  thermometer. 

O.  B.  Wheeler,  M.  Am.  Soc.  C.  E. — Our  use  of  the  long  steel 
tape  under  the  Missouri  River  Commission  has  been  to  transfer,  as  it 
were,  a  carefully  measured  base  line  to  other  parts  of  the  country.  In 
other  words,  we  standardize  our  steel  tape  by  measuring  a  primary 
base  line  by  the  same  method  and  apparatus  that  we  use  in  measuring 
a  new  base  line.  By  measuring  at  night  we  get  a  good  control  of  the 
temperature  disturbance.  I  have  long  believed  that  a  base  line  can  thus 
be  transferred  with  all  sufficient  accuracy  for  any  system  of  primary 
triangitlation,  since  the  extreme  accuracy  of  a  measured  primary  base 
line  is  soon  lost  through  the  angle  measurements. 

It  is  proper,  perhaps,  to  discard  the  friction  hooks,  especially  if 
the  standardizing  is  done  without  their  use,  but  I  think  the  automatic 
"stretcher"  or  "adjuster"  should  not  be  discarded.  Autometry  is 
more  in  the  line  of  progressive  science.  The  "  adjuster  "  as  used  by  us, 
and  described  and  illustrated  in  the  report  of  the  Missouri  River  Com- 
mission for  the  year  1886,  consists,  in  principal,  of  equal  lever  arms 
joined  at  an  angle  of  90°  in  a  knife-edge  bearing  at  the  juncture.  The 
horizontal  arm  carries  the  weight  and  a  spirit-level,  while  to  the 
vertical  arm  the  tape  is  attached.  The  bearing  for  the  knife-edge  is  on 
a  platform  upon  posts,  and  is  controlled  by  slow-motion  screws. 

The  exact  pull  to  a  small  fraction  of  an  ounce  is  found  by  placing 
the  weight  upon  a  platform  scale,  while  its  support  is  fixed  in  its 
proper  place  on  its  arm,  the  knife-edge  being  in  its  bearing  and  the 
level  showing  that  the  horizontal  arm  is  horizontal.  The  rear  end  of 
the  tape  is  fixed  to  a  stretching  post,  and  controlled  also  by  a  slow- 
motiQn  screw. 

In  measurement,  in  moving  forward,  the  "adjuster"  is  rapidly  dis- 
sected, and  as  great  rapidity  is  obtained  as  that  shown  in  the  paper 
under  discussion.  It  is  possible  also  to  eliminate  the  "  lag  of  ther- 
mometers," when  measuring  during  a  continuous  fall  (or  rise)  of 
temperature,  by  measuring  in  the  reverse  direction,  the  rear  end  of  the 
tape  becoming  the  forward  end,  to  obviate  the  necessity  for  more 
platform  stakes. 
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To  prevent  as  much  as  possible  the  disturbance  by  wind,  dew  and 
dust,  I  would  recommend  a  much  lighter  or  narrower  tape.  The 
piano  wire,  as  used  by  Professor  S.  W.  Kobinson  in  1873,  is  the  ideal, 
only  that  the  flat  wire  is  preferable  to  the  round,  that  any  twist  may 
be  detected. 

I  am  happy  to  have  it  demonstrated  that  the  long  steel  tape  is 
applicable  for  the  measurement  of  the  primary  base  line,  and  I  would 
suggest  that  if  ever  the  arcs  of  meridian  in  distant  countries  are  to  be 
remeasured,  that  the  base  lines  be  measured  with  this  easily  transported 
apparatus. 

H.  M.  MAKSHAiiii,  M.  Am.  Soc.  C.  E. — Professor  Woodward  has 
added  very  strong  evidence  as  to  the  efficiency  of  long  steel  tapes  in 
base  measuring,  and,  as  imitation  is  the  sincerest  flattery,  he  has  testi- 
fied his  highest  appreciation  of  the  good  work  done  on  the  Mississippi 
and  Missouri  Eivers  down  to  the  minutest  detail.  The  ice-packed  bar 
proposed  by  Mr.  E.  S.  Wheeler,  the  zinc  plate  of  Mr.  O.  B.  Wheeler, 
and  the  spring  balance  of  Professor  J.  B.  Johnson,  all  come  in  for 
commendation.  It  is,  however,  a  little  surprising  that  he  failed  to 
use  the  wire  hooka  on  the  nails  to  support  the  tape,  for  they  would 
have  saved  using  the  tape  after  the  fashion  of  a  score  line  to  adjust 
the  friction. 

In  the  year  1889,  when  triangulation  was  begun  on  the  Red  Eiver 
Survey,  it  was  not  considered  necessary  in  the  U.  S.  Engineer  Office 
at  Vicksburg  to  make  any  particular  investigation  as  to  the  accu- 
racy to  be  attained  in  measuring  bases  with  steel  tapes.  This  was 
partly  because  a  small  tertiary  system  had  to  serve  for  practical  pur- 
poses of  the  work,  a  secondary  triangulation  being  contemplated  only 
in  the  dim  future;  and  partly  because,  being  a  branch  of  the  public 
service  somewhat  connected  with  the  river  commissions,  their 
experience  was  quite  acceptable  at  its  face  value. 

With  the  value  of  the  method  proven,  only  improvement  in  the 
details  of  the  appliances  was  to  be  desired.  Mr.  O.  B.  Wheeler's  ap- 
paratus used  on  the  Missouri  River  to  apply  tension  was  as  much  prefer- 
able to  that  on  the  Mississippi  River  as  a  steel  yard  is  to  a  spring  balance 
in  weighing,  and  only  needed  to  be  made  of  metal  to  be  perfect. 
This  was  done,  as  shown  on  pages  643  and  644,  and  described  as  fol- 
lows: 

(1)  Four  tension  frames. 

(2)  Two  balance  beams. 
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The  tension  frame  consists  of  a  clamp  and  frame  of  brass  shown  in 
vertical  projection  side  and  end  and  horizontal  projection,  page  643 
The  clamp  has  two  arms  above  it,  to  which  is  screwed  the  three-sided 
rectangular  frame.  A  screw  working  in  one  end  moves  the  brass 
block,  which  is  guided  by  flanges  sliding  in  grooves  in  the  sides  of  the 
frame.  The  screw  is  attached  to  the  block,  as  shown  in  section  A  B, 
by  a  collar,  so  that  it  will  not  be  disengaged  by  turning.  Two  small 
hooks  are  screwed  in  the  front  of  the  block,  to  attach  the  tape-chains 
when  the  frame  is  used  at  the  rear  end  of  the  tapes.  A  triangular  space 
is  cut  out  of  the  block,  and  in  the  sides  adjacent  are  cut  seats  for  the 
knife  edges  r  of  the  balance  beam  to  rest  in. 

The  balance  beam,  shown  in  side  view,  and  projection,  page  644,  is 
brass,  and  has  steel  knife-edges  r  on  which  it  rests,  and  knife-edges  s, 
about  which  turn  the  stirrups  of  the  steel  hook  to  which  is  attached  the 
front  end  of  the  tape-chain.  On  top  of  the  upper  short  arm  of  the  beam 
is  a  small  level  vial  in  a  case  attached  by  adjusting  screws  to  the 
beam.  On  the  end  of  this  short  arm  is  a  screw  on  which  works  a 
counterpoise,  to  balance  the  beam  without  the  pea.  The  long  arm  of 
the  beam  is  divided,  so  that  the  mark  5  is  the  same  distance  from  the 
knife-edges  r,  on  which  the  beam  rests,  as  are  the  knife-edges  s,  about 
which  the  stirrups  turn,  and  indicates  a  tension  equal  to  the  weight  of 
the  pea,  and  twice  that  distance  a  tension  twice  the  weight  of  the  pea. 
The  pea  weighs  5  lbs.,  and  its  mass  is  so  distributed  that  the  center 
of  gravity  lies  in  a  vertical  plane  perpendicular  to  the  face  through  the 
index  point. 

The  method  of  marking  tape  ends  was  not  considered  satisfactory, 
and  in  lieu  of  pieces  of  zinc  two  verniers  were  substituted,  as  shown  on 
page  646. 

(3)  Two  verniers. 

The  vernier,  shown  in  vertical  projection,  side  and  end  views,  also 
vertical  section  and  horizontal  projection  of  the  vernier  block  (page  646), 
consists  of  a  clamp  and  frame  similar  to  the  frame  of  the  tension-bal- 
ance, with  the  addition  of  a  hollow  cast-block.  This  block  is  attached 
to  a  slow-motion  screw  for  raising  it  under  the  tapes  after  they  are 
stretched,  and  is  guided  by  flanges  sliding  in  grooves  in  two  vertical 
arms  fastened  to  the  other  brass  block,  which  is  capable  of  transverse 
motion.  The  hollow  cast-block  has  on  its  upper  face  two  metal  gradu- 
ated strips  laid  flat,  with  stops  near  the  ends,  to  hold  the  tapes  close 
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to  the  vernier.  Verniers  are  marked  0  at  the  middle  and  are  set  exactly 
opposite.  The  graduation  extends  9  mm.  each  way  from  the  zeros,  and 
is  divided  into  ten  parts,  so  that  the  reading  is  to  0. 1  mm.  In  the  grooves 
of  the  vertical  arms  slips  a  flange  fastened  to  a  bar  carrying  folding 
compass-sights,  which  enables  the  vernier  zeros  to  be  brought  at  right 
angles  to  the  base  line.  In  the  center  of  the  head  of  the  vertical  slow- 
motion  screw  is  a  small  hook  for  attaching  a  plumb  bob. 

These  verniers  do  not  admit  any  referring  in  the  future  to  the  obser- 
vations except  through  the  record,  and  neither  does  a  transit,  to  the 
angle  measured  by  it  ;  but,  like  the  transit,  the  verniers  permit  inde- 
pendent measurements  to  be  repeated  at  will.  The  apparatus  was 
made  by  W.  &  L.  E.  Gurley,  and  is  contained  in  a  box  10  x  14  x  20 
ins.,  the  whole  weighing  about  40  lbs.  The  tapes — for  it  was  designed 
to  use  a  steel  and  brass  tape — were  made  to  order,  a  little  more  than 
100  m.  long,  3^  mm.  wide,  and  one-tenth  as  thick.  The  breaking  load  of 
the  brass  tape  is  96  lbs.,  and  of  the  steel,  387 lbs.,  by  tests  made  at  the 
Watertown  Arsenal.  The  graduation  was  done  in  the  U.  S.  Coast 
Survey  shops  at  "Washington,  in  November  and  December,  1889,  the 
steel  tape  being  copper-plated  at  the  ends  to  receive  the  engraving. 
This  graduation  extends  both  ways  ;  from  the  standard  marks  near  the 
tape  ends  over  a  space  of  2  dcm.  divided  to  millimeters.  The  num- 
bering runs  both  ways  from  the  zeros  at  the  standard  marks.  The  tapes 
are  kept  and  transported  on  reels  about  15  ins.  in  diameter,  made  like 
sheaves  with  f -in.  opening,  turning  in  a  frame  by  a  crank  and  handle. 
This  is  not  quite  satisfactory,  and  they  will  be  wound  on  drums. 

Measurements  were  conducted  in  the  usual  way,  excepting  altera- 
tions brought  about  by  the  use  of  the  verniers.  The  programme  is  as 
follows  : 

Beginning  at  the  rear  end  of  the  tape,  two  stakes  are  driven  about  3 
ft.  back  of  the  initial  point  of  the  base.  On  top  is  nailed  a  piece  of 
plank,  which  makes  a  table  to  clamp  tension  frames  to,  one  on  each 
side.  Two  stakes  are  next  driven  level  with  the  first  two  stakes,  but  2 
ins.  to  the  right  of  the  line,  about  9  ins.  forward  and  back  of  the  initial 
point  of  the  base.  On  these  is  nailed  a  j^lank  for  clamping  the  vernier. 
Along  the  line,  at  intervals  of  one-tenth  the  tape  length,  stakes  are  set, 
with  nails  driven  in  the  rear  face  of  the  stake,  the  heads  being  a  little  lower 
than  the  points  ;  the  nails  are  kept  about  level  by  the  eye.  At  the  front 
end  of  the  tape,  stakes  are  set  for  tables,  as  at  the  rear  end ;  and  in  addition 
a  table  is  set  on  line  about  3  ft.  forward  of  the  end  of  the  tape  and  2^ 


648  DISCUSSION"    ON"    USE    OF   LONG   STEEL  TAPES. 

ins.  lower  than  the  vernier  table,  for  clamping  the  tension  frames  o-  the 
balance  beams.  Elevations  are  taken  on  the  vernier  tables  and  heads 
of  nails  with  a  level.  An  observer,  a  recorder,  and  one  assistant  at  each 
end  of  the  tapes,  and  nine  men  at  intervals  of  one-tenth  the  tape  length, 
place  the  tapes  one  on  each  side  of  the  stakes  supported  by  the  suspen- 
sion hooks  hung  on  the  nails.  The  assistants  adjust  the  clamps  near 
the  tape  ends,  and  hook  on  the  chains,  clamp  the  tension  frames  to  the 
straining  tables,  one  on  each  side,  and  by  means  of  the  chains  attach 
the  rear  ends  of  the  tapes  to  the  frames  and  the  front  ends  to  the  hooks 
on  the  balance  beams,  rest  the  beams  on  th^  knife-edges,  and  slip  the 
pea  on  the  beam  and  set  it  to  the  required  pull  ;  adjust  the  tension  by 
the  slow-motion  screws  of  the  frames  till  the  beam  is  balanced  and  the 
level  centered.  The  observers  clamp  a  vernier  to  the  table  at  each  end 
of  the  tape.  At  the  rear  it  is  set  by  the  plumb  over  the  initial  point, 
aligning  by  the  compass  sights,  raised  under  the  tapes  by  the  elevating 
screws,  and  adjusted  by  the  transverse  screws  till  the  tapes  lie  easily 
alongside  the  verniers.  With  pocket  rule  the  rear  observer  measures 
the  height  of  the  vernier  above  the  table.  The  observer  at  the  front 
end  cries,  "Ready!  Bead  steel !"  Both  read  the  distance  in  millimeters 
\)n  the  tape  from  its  zero  to  the  vernier  zero  and  tenths  of  a  millimeter 
on  the  vernier,  and  have  the  recorders  make  the  entry.  The  observer 
at  the  rear  end  replieSj  "  Bead  !"  The  observer  at  the  front  end  cries, 
"Bead  brass  !"  Both  read  as  before,  and  the  observer  at  the  rear  end 
replies,  "Bead!"  The  front  observer  cries,  "Shift  tapes  forward!" 
and  assistants  by  means  of  the  slow-motion  screws  move  the  tapes  bodily 
several  centimeters  along  their  length,  the  men  at  intermediate  stakes 
being  careful  to  keep  the  supporting-hooks  swinging  free  by  tapping 
them  lightly.  The  front  observer  again  cries,  "  Beady  !"  and  the 
operation  is  repeated.  The  tapes  are  then  shifted  back  beyond  the 
initial  reading,  and  readings  taken  again. 

In  the  reduction  the  mean  of  all  the  readings  for  each  tape  is  taken 
to  obtain  the  distance  between  vernier  zeros. 

For  the  next  tape  length  the  front  observer  calls  out  "Make  ready!" 
the  assistant  at  the  front  end  lifts  the  balance-beams  and  slips  oflf  the 
peas,  both  assistants  unhook  chains  and  unclamp  tension-frames,  men 
along  the  line  lift  tapes  and  susjaension  hooks,  the  rear  observer  un- 
clamps  the  vernier  and  sends  it  forward  by  his  recorder  to  the  front 
recorder,  the  front  observer  leaves  his  vernier  clamped  and  calls  "For- 
ward, march  !"     The  remaining  part  of  the  base  is  measured  in  the 
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same  way,  except  tliat  after  moving  forward  the  rear  observer  does  not 
change  the  jiosition  of  his  vernier,  unless  he  may  have  to  alter  the 
elevation  by  the  elevating  screw.  In  reading  and  recording,  forward 
is  counted  from  the  tape  zero  in  the  direction  the  base  is  measured. 
At  the  front  end  of  the  tape,  forward  readings  are  plus,  and  backward 
readings  are  minus.  At  the  reav  end,  forward  readings  are  minus,  and 
backward  readings  are  plus.  The  check  on  readings  in  the  field  is 
that  the  first  reading  at  front  end  miam  the  second  reading  at  the 
front  end  must  be  nearly  ejual  (within  0.5  mm.),  the  first  reading  at 
the  rear  end  minus  the  second  reading  at  the  rear  end,  and  must  be  of 
opposite  sign  ;  in  other  words,  after  the  tapes  are  shifted,  the  shift 
must  show  the  same  amount  and  of  opposite  sign  at  the  two  ends  of 
the  tape;  otherwise  the  readings  are  wrong. 

To  ascertain  the  length  of  ths  tapes,  the  Coast  Survey  base  at  Delta, 
La.,  was  measured  with  the  steel  tape  alone,  on  three  nights  in  April, 
1889.  This  baso  had  b,i3a  meaiurad  by  moans  of  C-m.  contact  slide 
rods  by  the  U.  S.  Coast  and  Geodetic  Survey  ia  1878,  and  the  length 
between  monuments  was  furnished  Captain  J.  H.  Willard  in  manu- 
script by  es2^ecial  request  for  our  purpose.  The  following  table  shows 
the  field  record  on  the  first  night  for  the  first  half  dozen  tape  lengths: 

Delta  Base. 

Observations /or  Standardizi-*q  Sed  Tape — April  9th,  1889. 

Fkoijt  End. 


Tapf 

Keading. 

Ther- 
mometer 
No.  2. 

Time. 

Mean 
readiug. 

No. 

Forward. 

+ 

Backward. 

Bemabes. 

I 

Millimeter. 

67.1 

4.6 

11.3 

39.1 
32.0 
52  6 

2.8 
3.1 

17.1 

MiUimeter. 

Degrees. 

66.1  ) 

68.0  } 

68.4  ) 

06.8  ) 

66.9  } 

66.5  ) 

63.1 
63.1 
62.5 

60.2  ) 

58.2  J 

58.1  ) 
60.0      1 

59.6  [ 

69.3  ) 
57.8      1 
57.7 

57.7  ) 

P.M. 

8.22 

8.40 

8.57 
9.23 
9.50 
K.'.Ol 

Millimeter. 
+  27.7     { 

+  41.2    ■ 

+  7.7 

+  0.6 
+  35.4 
+  58.8 

1 

W.  H.  Polk  recorder 

/ 

f 

Thermometer  No.  2.    At  70 

2....J 

U.  S.  Signal  Service  com- 
pared  thermometer  No. 
791. 

3... 

i.s""" 

4... 

1.5 
1.5 
43.9 
36.4 
25.9 
49.7 
iifl .  5 
67.2 

5... 
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Keak  End. 


Tape 

Reauing. 

Ther- 
mometer 
No.  1. 

Time. 

Mean 
reading. 

No. 

Forward. 

+ 

Backward. 

REMABKff. 

■1 

Millimeter. 
19  3 

Millimeter. 

Degrees. 
68.0 
67.8 

68.8 

68.5 
68.8 
68.8 

64.3 
64.3 
64.9 
63.3 
62.1 
62.8 
61.0 
60.9 
60.8 
59.0 
59.0 
58.9 

p.  M.      Millimeter. 

1                                   ( 

T.  G.  Rombauer,  observer. 

42.0 
35.5 



+  19.4 

—  28.6    • 

+  4.1 

—  14.1 
+  0.8 

coBder. 
VerDier  above  table  71  mm. 

26.0 
20.0 
39.8 

Thermometer  No.  1.    At  30 
m.    from     rear    end    is 

2...- 

U.  S.  Signal  Service  com- 

pared  thermometer    No. 

8.8 
8.7 

1522.  Vernier  above  table, 
64.  mm. 

3 

5.3 
14.1 
14  1 
14.2 
9.3 
1.8 

4  . 

5.. . 

Vernier  above  table,70mm. 

8.7 

14.3 
23.5 
30.7 

6 

1 

' 

The  tape  length  was  evaluated  from  the  three  nights  observations, 
by  use  of  the  formula — 

2  (»  +  s'). 


B  +  ^+2*' 


2/ 


8/= 


in  which  B  is  the  length  of  the  base,  h  and  I  the  difference  in  height 
and  distance  between  supports,  s  and  s'  the  readings  at  the  front  and 
rear  ends  of  the  tape,  n  the  number  of  tape  lengths,  e  the  coefficient  of 
expansion  of  the  tajje,  and  t  the  temperature,  Fahrenheit,  minus  60°. 

The  relative  lengths  of  the  steel  and  brass  tapes  were  ascertained  by 
51  simultaneous  readings  of  the  two  tapes  stretched  side  by  side,  at 
various  times  under  16  lbs.  tension,  and  supported  as  in  measuring  a 
base,  the  temperature  varying  from  40.4  to  88.°  Fahr. 

The  result  of  each  observation  being  written  in  the  general  form — 

^_Z-Z.-(&-4-ft')  +  (s  +  -^^)^^^ 
By  Ly  —  eL 

t  {L,  e,^Le)  =  L-L,+  [{s  +  s>)  -  (6  +  b")] 

putting  y  ^  (s  4-  s')  —  {  b  -{-  b^);  x  =  t;  a  =  Ly  Cy^  —  Le;   c  =^  L  —  Li 

the  equation  becomes  ax  :=  c  -\-  y. 
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When  c  and  y  are  taken  as  the  mean  of  all  the  observations 

c  =  ax„  —  y„ 
and  taking  the  difference  between  the  mean  and  each  observation 

«  {^  —  X,)  —  (y  —  y,)  =  0. 

By  multiplying  through  by  [x  —  .r„),  that  is,  giving  each  observation 
weight  according  to  its  range  in  temperature, 

«  {^  —  ^<)'  —  (-^  —  ^.)  [y  —  J/ J  =  0- 

Summing  the  results  of  all  observations, 

«  ^  (^  —  ^nf  —  :S{x  —  x„)  {y  —  y^)  =  0 

2  {x  —  .T„)  [y  —  y,) 
2{x-x^y 

Z,,,  e,,  b  and  b^  being  the  length,  coefficient  of  expansion,  and  readings 
of  the  brass  tape.  The  length  of  the  tape  being  known,  the  length  of 
a  base  is  given  by  the  formula — 

and  the  temperature  by  the  formula — 

^ ^_n  {L  —  L,)  —  2  (b  +  b')  +  2  {s  +  s') 
e^L^  —  e  L 
When  L  =  Li 

^  ^  _  2{.  +  s^)-2ib  +  b') 
^  (ei  —  e)L 

To  check  the  length  of  the  steel  tape,  as  determined  at  the  Delta, 
base,  measurement  was  made  of  the  U.  S.  Coast  and  Geodetic  Sur- 
vey base  at  Lum  Point,  La.,  during  nights  in  February,  1892.  The 
length  between  monuments  was  furnished  again  in  manuscript  with 
that  end  in  view.  This  base  was  not  commensurable  with  the  tape, 
and  3. 75  m.  were  deducted  by  measuring  back  with  a  precise  level  rod, 
and  the  remaining  jjortion  measured  Avith  the  steel  tape.  The  length 
of  the  base  as  measured  by  the  tajse  was  1  921.8223  m. ,  and  was  given 
by  the  Coast  Survey  1  921. 823  m.  To  get  a  further  independent  check, 
the  base  was  extended  five  tajje-lengths,  using  the  tape  as  short  as  pos- 
sible; that  is,  with  the  scale  readings  all  minus,  and  then  base  and 
extension  were  measured  as  one,  using  the  tape  as  long  as  j^ossible. 
Two  measurements  were  made,  and  while  the  mean  is  quite  close  to  the 
first  determination,  the  range  is  wide. 


k 
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The  following  results  serve  to  show  the  discrepancies  in  the  several 
measures : 

Delta  Base. 

April  9th,  1889 27  Z  +  92.1  mm, 

April  10th,  1889 91.7    " 

April  nth,  1889 91.3    " 

LuM  Point  Base. 

February  1st,  1892  19  L  -f  10  175.3  mm. 

February  4th,  1392 10  158.9    " 

February  5th,  1892 10  187.6    " 

The  rncj-a  of  tho  three  determinJltions  of  the  tape-length  at  Delta  is 

100.G1300  m.,  and  a'j  Lum  Point  100.61310  m. 

To  compare  these  measurements  with  those  on  St.  Albans  base,  the 

38 
discrepancies  on  Delta  base  should  be  increased  ^.     The  discrepancy 

between  the  first  measurement  of  Lum  Point  base  and  either  of  the  others 

qa  qo 

must  be  increased  r-r  and  between  the  two  last  by  ^^  the  measurement 
24>  *^  29, 

having  baen  extended  beyond  the  base  monument.  This  is  on  the 
principal  that  the  error  iacrea^e3  as  the  distance,  and  not  as  the  square 
root  of  the  distaa^a,  whon  the  distance  is  small.  That  is,  the  law  of 
probabilities  only  hold?  for  a  great  number  of  possibilities,  and  the 
method  of  least  squares  is  not  properly  applicable  to  a  few  observa- 
tions. 
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TERRESTRIAL  MAGNETISM  IN  NORTH  AMERICA. 
—DISCUSSION  ON  PAPER  No.  637.* 


By  Henby  Goldmakk,  R.  S.  Woodwakd  and  ChakijES  A.  Schott. 


Henry  Goddmabk,  M.  Am.  Soc.  C.  E. — Is  the  method  devised  by 
Gauss  and  Weber  for  measuring  magnetic  intensity  still  used? 

Mr.  R.  S.  Woodwakd. — It  is  still  used,  with  some  improvements. 

A  Membee.  — Are  there  any  local  sources  of  disturbance  in  making 
measurements  of  magnetic  force? 

Mr.  WooDWABD. — There  are  such  sources.  In  general,  however,  it 
is  arranged  to  avoid  them.  Some  difficulty  is  nowadays  found  in  es- 
tablishing permanent  observatories,  because  there  is  so  much  electric- 
ity generated  for  various  purposes.  A  few  years  ago,  it  was  found  that 
an  observatory  at  San  Antonio,  Tex. ,  was  aflfected  by  an  electric  plant 
some  distance  away.  This  plant  produced  currents  along  water  pipes 
laid  in  the  ground  near  the  observatory,  and  the  disturbing  effect  of 
those  currents  on  the  magnetic  instruments  was  so  great  that  the 
observatory  had  to  be  removed  to  a  new  site.  Great  pains  are  always 
taken  to  avoid  such  sources  of  disturbance. 

■•  "Terrestrial  Magnetism  in  North  America."  By  Charles  A.  Schott,  Assistant  U.  8. 
Coast  and  Geodetic  Survey.    Transactiom,  Vol.  XXX,  page  108. 
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A  Membek.  — In  a  case  which  has  come  to  my  notice  where  observa- 
tions were  made  near  a  locomotive  shop,  the  disturbance  to  the  mag- 
netic needle  was  very  great. 

A  Member. — -How  great  a  distance  is  it  essential  to  remove  an 
observatory  from  sources  of  disturbance? 

Mr.  WooDWAKD. — No  general  answer  can  be  given  to  this  question. 
Each  case  must  be  considered  by  itself.  In  refined  work,  the  magnetic 
observatory  is  always  placed  at  a  safe  distance. 

Mr.  Chaeles  A.  Schott. — Apart  from  the  disturbing  effect  on  mag- 
netic observations  of  terrestrial  magnetism  by  the  trolley  and  under- 
ground electric  wire  roads,  by  the  storage  car  lines,  by  the  electric  light 
and  telephone  wires  and  by  iron  or  steel  structures  of  all  kinds,  which 
influences  can  generally  be  avoided  by  selecting  a  proper  place  for 
making  the  observations,  there  are  also  physical  sources  affecting  the 
regularity  of  distribution  of  the  magnetism  of  the  earth's  crust. 

For  convenience  sake  we  may  distinguish  two  kinds  of  disturbances, 
i.  e.,  those  which  appear  quite  local,  covering  only  a  few  square  miles, 
and  which  may  be  due  to  a  single  protruding  disturbing  mass,  gener- 
ally of  the  same  polarity  as  that  of  the  hemisphere  in  which  they  appear, 
and  secondly,  the  larger  disturbance  extending  over  hundreds  of  square 
miles,  distributed  generally  in  one  or  more  ridges,  and,  of  course, 
closely  connected  with  the  geological  formation.  The  tracing  out  of 
isabnormal  magnetic  curves,  defining  and  measuring  the  disturbed 
localities,  still  remains  to  be  done. 

The  investigation  of  the  secular  changes  of  magnetism  has  become 
more  difiicult  on  account  of  the  impracticability,  in  most  places,  of 
revisiting  the  old  stations. 
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TREATMENT  OF  METALS  FOR  STRUCTURAL  PUR- 
POSES.—DISCUSSION  ON  PAPER  No.  640.* 


By  L.  L.  Buck,  A.  E,  Hunt  andf  J.  E.  Geeinek. 


L.  L.  Buck,  M.  Am.  Soc.  C.  E. — Naturally  this  paper  is  devoted  to 
the  treatment  of  steel.  The  treatment  as  -well  as  abuse  of  iron  as  a 
structural  material  has  been  so  thoroughly  discussed  that  it  would 
seem  there  is  very  little  more  to  be  said  about  it. 

Steel  has  so  largely  superseded  iron  and  has  come  into  use  so 
rapidly  that  our  knowledge  of  its  proper  treatment  has  hardly  kept 
pace  with  its  adoption;  hence  any  paper  written  by  a  man  who  has 
iad  as  extended  experience  in  working  it  as  Mr.  Christie  must  be  a 
valuable  contribution  to  engineering  literature. 

A  reference  to  the  paper  in  question  shows  such  expectation  to  be 
fully  justified;  it  is  worthy  of  careful  study  by  engineers  and  should 
be  fiiUy  discussed.  There  would  not  be  suJEcient  time  for  each  mem- 
ber to  discuss  all  the  points  of  the  paper.  I  have  therefore  decided 
to  confine  my  discussion  to  such  points  only  as  my  own  experience 
has  enabled  me  to  form  some  opinion  upon. 

"We  are  told  that  steel  is  a  crystalline  metal,  and  that  good  iron  is 
fibrous. 

*  "The  Treatment  of  Metals  for  Structural  Purposes."  By  James  Christie,  M.  Am.  Soc 
C.  E.     Transactions,  Vol.  XXX,  page  155. 
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As  regards  steel,  generally,  this  is  doubtless  true,  and  whatever 
error  arises  from  treating  it  as  a  crystal  will  be  on  the  side  of  safety. 
But  iron,  I  take  it,  is  fibrous  only  from  the  fact  that  when  the  pud- 
dle ball  is  passed  through  the  rolls  the  particles  of  pure  iron  are  kept 
more  or  less  separated  from  each  other  by  impurities,  and  these  pure 
particles  are  elongated  into  fibers  overlapping  one  another  and  welding 
together  at  numerous  points.  If  for  any  reason  a  crack  is  started  in 
such  a  material,  it  may  be  confined  to  but  a  fine  fiber;  while  if  a  crack 
is  started  in  a  perfectly  crystalline  bar  of  steel,  it  would  extend  through- 
out the  piece.  Yet  I  have  experimented  with  specimens  of  low  carbon, 
steel,  by  subjecting  them  to  a  slight  nicking  and  bending  test,  and 
where  the  crack  has  started  from  such  a  nick,  it  has  in  many  cases 
been  arrested  very  soon  and  allowed  of  the  specimen  being  closed  to- 
gether without  further  cracking.  It  was  natural  to  suppose  that  in 
such  a  case  the  crack  must  have  encountered  a  seam,  beyond  which 
was  a  surface  of  such  extent  as  to  allow  of  its  stretching  sufficiently 
to  satisfy  the  bending.  I  have  been  told  that  this  was  an  exploded 
theory,  but  exploded  or  not,  the  application  of  the  microscope  to  such 
specimens  showed  such  a  surface,  and  I  believe  the  crack  will  continue 
till  it  encountei's  such  a  seam.  I  have  supposed  that  they  must  be 
caused  by  very  fine  bubbles  which  served  to  make  the  rolled  material, 
in  a  measure,  fibrous,  as  is  done  by  the  impurities  in  iron.  If  of  ap- 
preciable size  they  would  have  a  bad  efi'ect,  where  the  bar  was  to  be 
upset  and  forged,  as  in  forming  an  eye-bar  head  or  screw-end;  but  if 
very  fine,  they  might  arrest  an  incipient  crack  caused  by  shears  or 
punch. 

Mr.  Christie  states  that  low  carbon  steel  is  less  liable  to  be  cracked 
in  punching  or  shearing  than  the  higher  sorts  and  that  thin  plates  are 
less  liable  to  it  than  thick  ones.  This  is  doubtless  true.  In  short,  any- 
thing which  necessitates  increased  pi'essure  in  these  operations,  as,  for 
instance,  dull  shears  or  punches,  may  cause  cracks. 

I  am  in  favor  of  reaming  all  holes  punched  and  all  edges  sheared 
in  important  steel  members,  and  agree  with  Mr.  Christie  that  such 
reaming  should  be  done  after  the  parts  of  a  member  have  been  as- 
sembled. Even  with  iron  riveted  work,  I  would  have  all  holes  reamed 
which  did  not  agree  closely  enough  to  admit  the  rivet. 

Most  of  us  have  seen  the  punched  pieces  of  a  member  assembled 
when  it  did  not  appear  possible  to  make  the  holes  agree.     But  a  gang 
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of  men  with  drift  pins  and  sledges  would  soon  torture  the  parts  into, 
apparently,  happy  family  conformity.  It  would  then  go  to  the  rivet- 
ing machine  and  probably  revenge  itself  upon  the  manufacturer  by 
causing  the  machine  and  gang  to  be  idle  a  quarter  to  a  third  of  the 
time  in  drifting  holes  where  the  parts  had  been  displaced,  while  other 
holes  had  been  drifted.  Had  a  gang  of  men  been  employed  with 
hand  reamers  where  the  rivets  would  not  enter,  there  would  be  no 
delay  at  the  riveter  and  there  could  be  no  question  as  to  the  superiority 
of  the  work.  Removing  the  sharp  edges  of  the  drilled  or  reamed  holes 
by  a  slight  countersink  will  not  only  benefit  the  rivet,  but  may  prevent 
the  starting  of  a  crack  in  the  plate  as  well. 

As  to  driving  field  rivets,  I  hope  the  time  will  soon  come  when, 
by  proper  design  of  work  and  improvement  of  riveting  machinery, 
most  of  such  rivets  can  be  machine-driven.  When  the  stiffening  trusses 
of  the  Niagara  railway  suspension  bridge  were  erected,  in  1880,  I  re- 
quired all  chord-splice  rivets  to  be  driven  with  8-lb.  to  10-lb.  sledges,  as 
the  heavy  sledges  had  an  effect  in  upsetting  the  rivet  very  similar  to 
that  produced  by  pressure.  The  results  have  substantiated  the 
theory.  The  Niagara  chords  were  80  000  lbs.  steel,  and  have  been  sub- 
ject to  reversing  stresses. 

I  only  speak  of  this  Niagara  structure  because  it  was  some  15  years 
ago  that  the  material  was  selected  and  it  was  a  time  when  we  did  not 
know  as  much  about  steel  as  we  do  now,  and,  in  fact,  we  knew,  most 
of  us,  very  little  about  it.  It  was  something  over  80  000  lbs.  ultimate 
strength  per  square  inch,  and  of  course  we  could  not  get  as  good  steel 
at  that  time  as  we  can  now.  I  had  to  reject  40%  of  all  the  plates  that 
were  tested.  The  steel  was  used  in  the  chords  of  the  bridge.  They 
have  been  subjected  to  enormous  stresses.  In  one  case  where  a  plate 
cracked  and  another  was  put  in,  I  could  not  get  a  steel  plate;  and  so 
had  to  put  on  an  iron  plate  in  place  of  it;  the  steel  one  was  J  m. 
thick,  the  iron  plate  I  made  rw  in.  thicker.  The  first  train  that  went 
over  it  pulled  the  plate  in  two.  The  other  had  been  subjected  to  the 
very  heaviest  stresses  for  14  years. 

A.  E.  Hunt,  M.  Am.  Soc.  C.  E. — Quoting  from  Mr.  Christie's  paper: 
"It  is  not  intended  here  to  discuss  the  quality  of  steel  as  determined 
by  the  component  elements,  a  subject  which  has  received  ample  atten- 
tion at  the  hands  of  competent  investigators.  Suffice  it  to  say  that 
it  is  generally  recognized  that  phosphorus  and  sulphur  exercise  an 
influence  entirely  evil,  especially  the  former  in  its  effects  on  material 
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•wlien  in  service.     If  the  mantifacturer  could  banish  them  entirely,  he 
"would  do  so." 

I  would  take  exception  to  these  statements  as  of  broad,  general  and 
universal  application,  so  far  as  my  judgment  goes.  This  is  undoubt- 
edly true  regarding  tool  and  other  high  grades  of  crucible  steel,  where 
there  is  a  high  j^ercentage  of  carbon  present,  but  I  do  not  think  it  is 
true  with  reference  to  structural  steel  that  has  a  carbon  content  ordi- 
narily of  less  than  0.2  per  cent. 

Pure  iron  is  a  weak  metal.  I  am  not  sure  that  it  is  as  strong  as 
the  other  metal  in  which  I  am  interested — aluminum ;  that  is,  a  tensile 
strength  of  not  over  30  000  lbs.  per  square  inch.  It  is  only  when  a 
small  proportion  of  other  elements  is  added  to  it  that  the  strength  of 
wrought  iron  or  steel  is  given  to  pure  iron.  When  the  percentage  of 
carbon  runs  down  very  low  and  there  is  not  some  marked  amount 
of  phosphorus  present,  the  steel  produced  is  very  low  in  tensile 
strength — below  that  of  good  wrought  iron;  that  is,  below  50  000  lbs. 
tensile  strength  per  square  inch,  a  material  which  is  so  soft  that  the 
unit  strains  ordinarily  applied  upon  structural  steel  cannot  be  safely 
applied  to  it. 

To  counteract  this  weakness  of  very  low  phosphorus,  manufacturers 
of  basic  open-hearth  steel  who  have  made  their  metal  with  less  than 
0.01^  13hosphorus  have  been  obliged  to  add  a  considerably  larger 
proportion  of  carbon,  in  order  to  obtain  the  tensile  strength  ordinarily 
required  in  structural  material. 

To  get  a  steel  of  60  000  lbs.  tensile  strength  with  the  phosphorus 
below  0.015%,  manufacturers  of  basic  open -hearth  steel  in  this 
country  have  found  it  necessary  to  run  the  carbon  up  to  0.3  j^er 
cent.  Such  steel  is  much  more  liable  to  take  a  temper  by  being  cold- 
rolled  or  suddenly  plunged  into  water  when  heated  red  hot.  It  is, 
according  to  my  experience,  a  much  more  "tender"  metal,  in  the  way 
of  being  susceptible  to  changes,  due  to  varying  conditions  to  which  it 
may  be  subjected,  than  steel  which  is  lower  in  carbon  and  higher  in 
phosphorus. 

In  the  basic  process  in  their  efforts  to  reduce  the  phosphorus  to  as 
low  a  content  as  possible,  carbon  has  often  been  run  very  low  indeed 
in  the  melting  furnace,  and  the  steel  has  become  liable  to  take  up 
occluded  gases  and  to  be  weak  and  rotten.  I  do  not  think,  under 
ordinary  conditions,  that  the  general  practice  which  has  been  widely 
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quoted,  that  pliospliorus  exercises  an  influence  "  entirely  evil "  in  its 
presence  in  steel,  and  the  manufacturer  "would  banish  it  entirely  if 
possible,  is  correct,  or  that  the  carrying  out  of  this  idea  is  good 
practice. 

Undoubtedly  the  native  ores  that  have  produced  stock  for  the 
manufacture  of  steel  that  was  low  in  phosphorus  have  been  of  the  best 
quality.  I  especially  refer  here  to  the  materials  producing  the  excel- 
lent results  in  Norway  and  Swedish  irons.  In  a  general  way,  also,  the 
lower  in  phosphorus  that  structural  steel  can  be  obtained  by  the  acid 
process,  the  better,  for  we  have  not  yet  found  in  this  country  ways  of 
producing  such  metal  with  less  than  0.02  or  0.03/^'  phosphorus, 
except  in  very  rare  instances. 

While  I  would  advise  boiler  plate  and  steel  of  similar  specifications 
to  call  for  a  maximum  of,  say,  0.03  or  0.04%  content  of  phosphorus,  I 
think  that  when  we  have  gone  to  this  limit  for  structural  steel  the  speci- 
fication will  be  as  rigid  in  this  matter  as  is  wise;  and,  on  the  manu- 
facturer's side,  when  he  has  produced  a  steel  with  jshosphorus  as  low 
as  O.OSXj  ii6  has  gone  as  far  as  he  need  in  purifying  his  metal  in  his 
endeavors  to  get  a  good  structural  material. 

There  are  other  causes  for  the  production  of  poor  steel  beyond  the 
content  of  phosphorus  which  can  be  better  looked  after  than  endeav- 
oring to  run  the  phos j)horus  lower  than  0. 03  or  0. 04  per  cent. 

J.  E.  Greineb,  M.  Am.  Soc.  C.  E. — The  author  states  that  public 
confidence  is  now  fairly  established  in  the  trustworthiness  of  struct- 
ural steel;  that  this  confidence  has  been  brought  about  by  experience. 
He  could  have  added  that,  while  the  reliability  of  steel  of  certain 
grades  and  processes  has  gained  the  confidence  of  the  engineers  who  are 
called  upon  to  use  it,  and  the  mechanics  who  manipulate  and  fabricate 
it  into  structures,  the  old-time  respect  for  wrought  iron  has  just  as 
surely  lost  its  hold  and  is  gradually  being  crowded  out. 

It  must  be  admitted  that  when  steel  was  first  introduced  in  the 
construction  of  bridges,  our  knowledge  was  limited  and  the  metal  was 
continixally  under  suspicion,  inspectors  and  chemists  subjected  it  to 
every  conceivable  kind  of  treatment  to  satisfy  themselves  that  when 
fabricated  into  a  bridge  of  some  300  or  more  feet  clear  span,  it  would 
not  fly  into  fragments  like  so  much  glass,  upon  the  passage  of  the 
first  locomotive. 

The  general  idea  of  steel  was  a  hard  elastic  metal,  such  as  is  used  in 
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cutlery  tools  and  wagon  springs,  liable  to  snap  without  warning 
especially  in  cold  or  frosty  weather.  One  of  the  most  prominent 
railroads  in  this  country  will  not  use  steel  in  its  bridges  at  the  present 
time,  in  spite  of  the  experience  in  its  use  and  knowledge  of  its  quality 
possessed  by  most  bridge  engineers.  They  still  adhere  to  the  wrought 
iron  of  the  past  and  claim  that  steel  is  brittle,  being  liable  to  fly  into 
fragments  at  the  first  shock,  that  it  is  liable  to  abuse  in  the  shop,  that 
it  cannot  be  welded,  that  there  is  always  a  fear  of  small  cracks  having 
been  started  and  not  discovered,  which  sooner  or  later  will  cause  a 
disaster,  and,  finally,  that  our  knowledge  will  not  justify  its  use — the 
same  old  objections  which  were  advanced  at  its  first  introduction. 
This  same  company  still  uses  iron  eye-bars,  relics  of  the  jsast  which 
are  now  made  by  but  a  few  of  the  many  firms  engaged  in  bridge  bxiild- 
ing,  and  which,  although  having  from  50  to  75/o  excess  of  metal  in  the 
head,  frequently  break,  not  in  the  body  of  the  bar  as  steel  bars  break, 
but  through  the  head. 

There  was  a  time  when  wrought  iron  could  be  obtained,  free  from 
scrap,  having  an  ultimate  strength  of  from  50  000  to  52  000  lbs.  with  a 
correspondingly  good  elastic  limit  and  elongation  and  a  beautiful 
fiber.  I  have  personally  tested  and  inspected  tons  of  this  material 
and  seen  it  fabricated  in  bridge  structures.  I  have  seen  channel  bars 
of  the  material  made  into  posts  with  pinholes  drilled  near  the  ends, 
split  open  from  the  edge  of  the  hole  to  end  of  web  upon  being  roughly 
handled  in  the  shop.  I  have  seen  X  beam  stringers  made  of  this 
material  after  being  in  service  a  few  years,  suddenly  split  in  theii-  webs 
from  the  ends  to  a  distance  of  12  to  24  ins.,  flange  angles  of  girders 
split  along  the  roots  by  being  struck  a  blow,  any  number  of  lattice 
bars  and  tie  plates  split  by  being  punched  too  near  the  edges.  All 
this  was  at  a  time  when  the  mills  agreed  to  live  up  to  siaeeification  re- 
quirements and  before  the  bridge  builders  got  together  and  drew  up 
specifications  for  qua  ty  of  wrought  iron,  the  result  of  which  sj)ecifi- 
cations  has  been  to  reduce  the  grade  of  material.  Some  railroad 
engineers  being  satisfied  with  the  poorer  grade,  the  mills  will  not  at 
the  present  time  undertake  to  make  wrought  iron  such  as  specified  by 
the  Baltimore  and  Ohio  specifications  of  1885  except  at  a  premium. 
Iron  obtained  now  with  an  ultimate  of  52  000  lbs.  has  very  probably 
been  doctored  with  steel  scrap. 

If,  then,  iron  double  rolled  directly  from  the  muck  bars  will  so 
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easily  split  and  crack,  the  poorer  grade,  such  as  now  manufactured, 
has  little  to  commend  itself  to  the  engineer,  and  why  it  is  that  some 
engineers  will  continue  to  give  it  jDreference  over  mild  open-hearth 
steel  can  be  attributed  to  a  conservatism  not  well  founded,  as  is 
clearly  demonstrated  by  the  experiment  of  Mr.  Christie  and  many 
others. 

The  men  who  actually  handle,  punch,  drill,  shear  and  rivet  up 
bridge  members  are  the  ones  who  favor  a  soft  or  medium  steel  to 
wrought  iron.  They  have  found  that  it  can  be  bent  cold  into  almost 
any  shape  without  signs  of  fracture ;  that  it  can  be  used  for  lattice 
bars  and  tie  plates  where  wrought  iron  would  split  out;  that  the 
former  belief  that  it  would  fly  into  a  thousand  jaieces  if  struck  a 
severe  blow  was  without  foundation  in  fact;  that  when  a  girder 
dropped,  the  flange  angles  did  not  split  along  the  rivets,  as  is  the  case 
so  often  with  wrought  iron;  that  eye-bar  heads  can  be  made  to  develop 
the  full  strength  of  the  bars;  that  their  work  looked  neater  and  cleaner 
when  of  steel.  Those  who  know  the  least  are  the  loudest  in  its  con- 
demnation. 

Of  course  the  foregoing  remarks  apjjly  to  steel  made  by  the  open- 
hearth  process,  either  acid  or  basic,  it  being  beyond  question  the  best 
for  structural  purposes,  because,  as  the  author  states,  "the  character 
of  the  product  can  be  so  readily  controlled  and  predetermined. " 

Uniformity  in  quality  is  what  is  required,  and  the  engineer  natur- 
ally favors  the  process  which  will  bring  about  these  results,  and 
although  the  managers  of  Bessemer  plants  will  not  readily  acknowl- 
edge that  their  metal  is  not  uniform  from  an  engineer's  standpoint, 
facts  are  arrayed  against  them  which  will  require  a  long  time  and  re- 
peated demonstrations  on  their  part  to  overcome. 

The  mills  strive  to  produce  a  cheap  product  ;  they  frequently  pro- 
duce mere  jokes,  having  sacrificed  quality  and  everything  else  to 
cheapness.  Numerous  instances  are  seen  in  the  extremely  poor  quality 
of  the  Bessemer  rails  of  heavy  section  now  being  made  ;  rails  which 
although  weighing  from  17  to  20  lbs.  per  yard  more  than  those  used 
five  or  six  years  ago,  wear  out  and  break,  while  the  older  rails  are  still 
doing  good  service.  Several  instances  are  on  record  where  both  Besse- 
mer and  open-hearth  steels  were  used  in  the  same  girder  which,  upon 
being  dropped  on  its  flange,  cracked  the  Bessemer  angles  clear  across, 
while  the  open-hearth  plates,  which  received  the  full  impulse,  merely 
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bent  and  were  not  otherwise  injured.  Another  instance  which  recently 
came  under  my  notice  was  the  cracking  of  several  basic  Bessemer 
plates  after  having  been  punched  and  carelessly  thrown  to  the  ground. 
I  have  never  seen  nor  heard  of  open-hearth  steel  acting  in  this  manner, 
and  am  specifying  it  to  the  exclusion  of  other  processes  and  wrought 
iron,  in  all  railroad  bridges  now  being  built  for  the  Baltimore  and 
Ohio  Railroad.  Mr.  G.  B.  Hazlehurst,  M.  Am.  Soc.  C.  E. ,  engineer  in 
charge  of  bridge  construction  for  the  Baltimore  and  Ohio  South 
western  Railroad,  has  also  recently  adopted  the  open-hearth  steel  in 
all  bridgework.     The  specifications  are  as  follows  : 

Quality  of  Steel. 

General  Character. — All  steel  must  be  uniform  in  quality  and  made 
by  the  open-hearth  process.  The  finished  bars  shall  be  free  from  in- 
jurious seams,  flaws  or  cracks  and  have  a  workman-like  finish. 

Phosphorus  Limit. — The  phosphorus  in  all  melts  must  not  exceed 
0.08%',  and  certified  analyses  of  all  melts  shall  be  furnished  free  of 
cost. 

Melt  Number. — All  finished  material  must  be  plainly  and  distinctly 
marked  with  correct  melt  numbers. 

Test  Pieces. — Test  pieces  shall  have  a  uniform  sectional  area  of  at 
least  i  sq.  in.  for  a  distance  of  10  ins.  Elongation  shall  be  measured 
in  a  space  of  8  ins. 

Soft  Steel. — When  tested  in  specimens  as  above,  soft  steel  shall  give 
the  following  results : 

Ultimate  strength  per  square  inch ...  52  000  to  60  000  lbs. 

Elastic  limit. 32  000  lbs. 

Elongation  in  8  ins 25% 

Specimens  must  bend  cold  to  180^  and  close  down  upon  themselves 
without  sign  of  fracture.  In  tension  tests,  the  fracture  must  be  en- 
tirely silky.  Holes  punched  Ij  ins.  from  edge  of  plate  shall  be 
capable  of  being  enlarged  1009^  by  drifting,  without  any  sign  of 
fracture. 

Soft  steel  may  be  used  under  the  same  conditions  as  wrought  iron, 
except  that  it  must  not  be  welded  and  that  all  bends  be  made  cold  or 
else  the  whole  piece  be  annealed.  The  permissible  strain  per  square 
inch  may  be  taken  lO^^J"  in  excess  of  that  given  for  wrought  iron. 

Medium  Steel. — When  tested  in  specimens,  medium  steel  shall  give 
the  following  results  : 

Ultimate  strength  per  square  inch ...  60  000  to  68  000  lbs. 

Elastic  limit 35  000  lbs. 

Elongation  in  8  ins 20% 
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Specimens  must  bend  cold  to  180°  around  a  curve  whose  diameter 
is  equal  to  the  thickness  of  piece  tested,  \vithout  sign  of  fracture.  In 
tension  tests,  the  fracture  must  be  at  least  80%  silky.  Holes  punched 
li  ins.  from  edge  of  plate,  shall  be  capable  of  being  enlarged  66|% 
withovit  sign  of  fracture. 

Medium  steel  shall  be  used  for  pins  and  for  eye-bars  whose  heads 
are  to  be  formed  by  upsetting.  It  shall  not  be  welded.  All  holes 
must  be  drilled.  Bars  must  be  carefully  and  properly  annealed,  per- 
missible strain  in  such  cases  to  be  12  000  lbs.  per  square  inch. 

Tests  of  Finifilied  Bars. — Not  less  than  3\  of  the  niimber  of  finished 
bars  will  be  tested  to  destruction,  and  under  this  test  they  must  de- 
velop the  following  : 

Ultimate  not  less  than 58  000  lbs. 

Elastic  limit 30  000    " 

Elongation,  12h%  of  total  length,  center  to  center. 

Steel  Rivets. — In  all  cases  where  steel  members  are  connected  by 
rivets,  the  rivets  must  be  of  the  best  quality  of  mild  steel. 

It  will  be  noticed  in  the  above  specifications  that  medium  steel  is 
specified  for  eye-bars  and  pins  only,  and  that  bars  are  to  be  annealed; 
and  that  soft  steel  is  used  for  all  other  members  and  worked  under  the 
same  condition  as  wrought  iron,  excepting  that  no  welding  will  be 
allowed.  No  restrictions  are  placed  upon  the  thickness  of  the  metal 
which  is  to  be  punched,  for  the  following  reasons  : 

First. — The  designs  are  made  under  personal  supervision,  and  an 
effort  is  made  to  limit  the  thickness  to  -|  or  f  in.  at  the  most. 

Second. — Since  it  has  been  the  accepted  good  practice  to  punch  iron 
of  this  thickness  and  since  mild  steel  is  injured  to  no  greater  extent 
than  iron  and  probably  to  a  less  extent,  there  is  no  more  reason  for 
limiting  thickness  in  soft  steel  than  in  iron. 

Some  engineers  specify  that  steel  from  \  to  -)%  in.  must  be  reamed 
or  drilled,  and,  when  less  than  this,  it  can  be  punched.  It  is  difficult  to 
keep  all  members  within  the  above  limits,  and  this  means  that  most  of 
the  holes  are  to  be  reamed,  since  it  is  not  j)racticable  to  separate  the 
material  according  to  thickness,  one  lot  to  be  punched  with  a  certain 
die,  the  other  with  a  different  die,  and  then  reamed  to  the  same  diame- 
ter as  the  holes  in  the  first  lot.  When  reaming  is  done,  it  is  done  after 
the  pieces  are  assembled,  and  holes  through  any  thickness  of  metal 
will  be  reamed.  While  reaming  will  be  of  great  benefit,  it  entails  an 
additional  expense,  and  the  cost  will  eat  up  the  saving  in  metal  due  to 
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the  increased  permissible  strains,  as  compared  with  iron,  as  usually 
adopted ;  moreover,  reaming  in  soft  steel  is  more  expensive  than  in 
either  iron  or  medium  steel,  on  account  of  the  metal  clogging  the 
reamer. 

The  above  specifications  were  written  to  meet  the  immediate  de- 
mands, and  may  be  modified  before  being  inserted  in  the  jirinted  speci- 
fications of  the  Baltimore  and  Ohio  Railroad,  now  under  course  of 
preparation.  For  instance,  I  believe  in  limiting  phosphorus  to  .OSj^ 
in  basic  and  .08^  in  acid  open  hearth,  believing  that  this  will 
place  both  processes  on  an  equal  footing,  and  will  give  very  good 
results.  Phosphorus  could  be  eliminated  entirely,  if  the  manufac- 
turer so  desired,  but,  of  course,  at  an  increase  in  cost. 

Outside  of  the  above,  I  do  not  think  it  necessary  to  make  chemical 
requirements  in  specifications,  believing  that,  when  the  physical  tests 
are  satisfactory,  the  chemical  comiDosition  should  rest  with  the  manu- 
facturer. 

As  stated  by  the  luthor,  the  best  results  combined  with  the  least 
expenditure  can  be  obtained  by  punching  all  holes  when  vital  strains 
are  not  transferred  by  the  rivets,  and  by  reaming  all  holes  in  important 
joints  and  connections,  such  as  stringers  to  floor  beams,  floor  beams 
to  j)Osts,  connection  of  web  members  of  riveted  lattice  girders  with 
the  chords  and  tension  splices.  This  practice  is  followed  in  some 
of  the  best  shops,  although  with  the  idea  of  making  well-fitting 
field  connections  rather  than  with  the  intention  of  removing  injured 
metal. 

The  numerous  tests  made  by  Mr.  Christie  are  valuable,  and  present 
facts  in  a  form  very  acceptable  to  the  engineering  jarofession.  Many 
such  tests  have  been  made  by  inspectors  and  others,  and  all  convey 
the  same  general  characteristics.  Structures  as  built  during  the  last 
8  or  10  years  have  generally  been  well  designed  and  without  failures 
from  an  engineering  standpoint,  and  holes  have  been  mostly  punched, 
reaming  being  used  merely  to  obtain  better  matching.  Experience 
has  demonstrated  that  working  strains  as  adopted  in  this  country  for 
this  class  of  work  are  amply  low  ;  in  fact,  structures  built  10  years  ago 
are  now,  in  many  cases,  strained  from  20  to  30%  in  excess  of  the  speci- 
fied permissible  strains  and  are  just  as  perfect  under  these  increased 
loads  as  they  were  when  first  built.  I  should  not  consider  a  well- 
designed  Pratt  truss  or  plate  girder  as  a  cause  for  uneasiness  even  when 
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the  calculated  strains  would  run  up  to  50?^  in  excess  of  the  present 
practice. 

If,  then,  our  structures  be  made  of  a  much  superior  metal  and  this 
metal  be  carefully  manipulated,  as  suggested  by  the  author,  a  very 
important  question  arises,  although  not  strictly  pertinent  to  the  sub- 
ject under  discussion,  viz.,  "  how  high  can  we  safely  take  our  strains?" 
I  believe  the  weights  of  engines  and  trains  have  about  reached  their 
limit,  the  heaviest  engines  not  doing  the  work  expected.  If  this  is  the 
case,  we  could  take  a  load,  say,  of  120-ton  to  125-ton  engine,  followed 
by  4  000  lbs.  as  a  standard,  and  run  our  strains  up  to  30"^  in  excess  of 
present  practice  and  have  a  structure  which  would  do  its  work.  I 
would  not  be  the  first  to  take  such  a  step,  and  others  no  doubt  feel  the 
same  way,  and  it  is  probable  that  we  will  continue  to  waste  tons  of 
material  until  in  the  future  we  find  our  bridges  built  for  80-ton 
engines  still  doing  the  same  service  as  those  built  for  125-ton  en- 
gines, even  after  most  of  us  had  predicted  their  failure  by  being  shaken 
to  pieces. 

The  life  of  railroad  bridges  has  been  heretofore  about  20  years,  not 
because  the  bridges  wore  out  under  the  traffic  for  which  they  were  de- 
signed, but  because  the  traffic  has,  during  that  period,  increased  to 
such  an  extent  that  the  old  bridges,  mostly  of  inferior  designs,  were 
no  longer  to  be  trusted  with  the  excessive  loads.  If,  then,  as  stated 
before,  we  could  positively  fix  a  limit  to  the  weight  of  engines  and 
cars,  there  would  no  longer  be  occasion  to  adhere  to  the  so-called 
factor  of  safety  of  5,  one-fifth  of  which  factor  goes  toward  providing 
for  a  future  increased  loading. 
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A  PROPOSED  METHOD  OF  TESTING  STRUCTURAL 
STEEL.— DISCUSSION  ON  PAPER  No.  641.* 


By  Geokge  S.  Mokison,  L.  L.   Buck,  T.  S.  White,  James  Chkistie, 
A.  0.  Cunningham,  John  Pubseb  Gkletith  and  Alfeed  E.  Hunt. 


Geoege  S.  Mokison,  M.  Am.  See.  C.  E. — There  is  one  point  in 
Captain  Hunt's  paper  whicli  has  interested  me  deeply,  though  it  is 
perhaps  one  of  the  lesser  i3oints.  I  will  say  something  about  it  to  start 
the  discussion. 

On  page  187  he  says  that  it  is  "  perfectly  practicable  to  equip  the 
punches  used  at  bridge  and  boiler  shops  in  actual  practice  with  some 
device  for  measuring  the  force  or  work  done  in  punching;  and  by  the 
aid  of  graphical  devices  a  record  can  be  kept  of  the  characteristics  of 
every  piece  of  metal  punched  that  goes  into  any  structure. "  By  fol- 
lowing this  we  should  have  a  perfect  method  of  investigating  the 
material  in  riveted  members.  Then,  if  we  drew  a  specification  which 
required  the  use  of  this  registering  apparatus  and  provided  that  the 
punches  should  always  register  within  certain  limits,  every  plate  could 
be  inspected  and  accepted  as  it  was  being  punched.     This  would,  I 

*  "A  Proposed  Method  of  Testing  Structural  Steel."  By  Alfred  E.  Hunt,  M.  Am.  Soc. 
C.  E.    Transactions,  Vol.  XXX,  page  181, 
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think,  be  an  ideal  method  of  testing,  perhaps  a  little  too  near  an  ideal; 
but  we  may  safely  say  that  if  this  could  always  be  done,  no  other  in- 
spection would  be  required.  If  we  have  a  member  which  is  perfect  at 
every  punched  hole,  I  do  not  think  it  makes  very  much  difference,  of 
course  within  reasonable  limits,  what  the  metal  is  between  the  holes; 
furthermore  if  it  is  perfect  at  the  holes  it  cannot  be  very  bad  between. 

There  are  two  or  three  objections,  however,  to  the  use  of  this 
method  of  testing.  The  first  is  that  the  testing  machine  has  yet  to  be 
devised;  it  can  be  devised,  but  it  is  a  new  machine.  The  second  is  that 
I  think  in  the  best  class  of  steel  work  it  is  better  not  to  punch  at  all. 
We  should  fit  our  pieces  together  by  planed  edges  in  immediate  con- 
tact, without  any  of  the  clearances  which  are  now  allowed  for  irregular 
rolling.  "When  the  pieces  are  fitted  together  in  this  way  the  holes 
should  be  drilled  in  the  solid  metal  through  the  several  pieces,  in  the 
actual  positions  which  they  will  occupy  in  the  finished  structure. 
This  is  the  only  way  to  get  first-class  work,  and  it  is  the  only  way  to  get 
work  free  from  initial  strains. 

Subject  to  these  provisions  it  seems  to  me  that  Captain  Hunt's 
paper  is  worthy  of  the  most  careful  consideration ;  the  method  can  un- 
doubtedly be  applied  to  all  riveted  members,  but  how  are  you  going 
to  apply  it  to  either  eye-bars  or  pins  ?  The  answer  seems  the  simple- 
one,  that  you  cannot  apply  it  at  all.  I  know  of  no  method  of  testing 
eye-bars  which  will  give  perfectly  satisfactory  results  except  that  of 
taking  every  precaution  to  obtain  uniform  steel  and  then  testing  a 
number  of  the  full-sized  bars.  As  regards  pins,  there  is  a  method  of 
testing  which  1  believe  to  be  as  good  and  useful  as  Captain  Hunt's 
method  of  testing  riveted  plates  would  be.  As  I  said  before,  I  have 
advocated  for  some  time  drilling  a  hole  through  the  center  of  the  pin. 
In  some  pins  made  in  one  of  the  eastern  shops  the  manufacturer 
voluntarily  and  without  request  bored  the  pins  in  such  a  way  that  a 
continuous  round  core  was  taken  from  the  center  of  each  pin.  A  core 
taken  from  the  center  of  a  pin  is  pretty  sure  to  be  the  worst  metal  in 
the  whole  pin.  If  you  will  take  a  core  from  every  pin  and  test  it,  both 
by  bending  and  tensile  strain,  you  will  have  a  perfect  set  of  tests  for 
pins. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — It  has  long  been  my  opinion  that  a 
good  place  for  an  inspector  of  structural  material  is  in  the  shop  where 
the  material  undergoes  the  various  operations  of  being  made  up  into 
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the  members  of  the  structure  for  which  it  is  intended.  Much  informa- 
tion can  be  gained  by  examining  the  chips  removed  by  drill,  lathe  and 
planer,  as  well  as  by  noting  the  action  of  the  j)unch. 

There  is  doubtless  a  relation  existing  between  the  resistance  of  the 
material  in  the  testing  machine  and  that  presented  to  punching  and 
shearing.  If  I  understand  Mr.  Hunt's  jsaper,  he  proposes  to  establish 
such  relation,  not  for  the  purpose  of  dispensing  with  the  testing 
machine,  but  to  enable  the  inspector  to  obtain  a  more  through  acquain- 
tance with  the  quality  of  the  material,  or,  as  it  were,  to  make  his 
method  auxiliary  to  the  testing  machine. 

That  this  may  be  done  with  valuable  results  by  the  use  of  the  punch 
there  is  little,  if  any,  doubt;  but  it  api)ears  to  me  that  the  method  by 
shearing  would  present  so  many  conditions  dependent  upon  the  form 
of  specimen  and  its  relation  to  the  form  and  size  of  the  cutting  edges 
of  the  shears  that  it  would  be  almost  impossible  to  establish  a  relation 
between  the  tensile  strength  and  the  shearing  resistance  by  that 
means. 

The  fewer  the  conditions  to  be  noted  in  any  method  of  testing,  pro- 
viding they  are  carefully  selected  and  authentic,  the  better.  Even 
with  the  punch  there  would  be  a  variation  with  every  change  in  size  of 
punch,  thickness  of  plate,  proportion  of  size  of  punch  to  that  of  die 
and  the  sharpness  of  punch  and  die.  The  last  two  could  be  eliminated 
by  specifying  that  the  punch  should  have  a  given  clearance  in  the  die 
and  that  both  should  be  kept  sharp. 

The  shearing  test  would  be  useful  for  establishing  the  relation 
between  shearing  and  tensile  resistances,  provided  that  the  specimens 
are  cylindrical  and  fit  the  dies  with  the  same  clearance  that  a  pin  usually 
fits  in  the  hole  for  which  it  is  intended. 

It  is  evident  from  the  results  of  Mr.  Hunt's  shearing  tests,  that  the 
djouble  shear  would  give  more  accurate  results  than  single,  as  it  comes 
more  nearly  to  eliminating  the  f  rictional  resistance  than  the  case  of 
single  shear. 

T.  S.  White,  M.  Am.  Soc.  C.  E. — One  question  I  would  like  to  ask 
Captain  Hunt,  in  this  method  which  Mr.  Morison  aptly  styles  an  ideal 
method  of  testing  if  it  could  be  applied  in  shop  practice,  whether  the 
time  required  in  punching  is  an  essential  ?  Captain  Hunt,  in  one 
place,  speaks  of  the  time  required  being  from  30  to  60  seconds  for  each 
test. 
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James  Chkistie,  M.  Am.  Soc.  C.  E. — The  method  of  testing  struct- 
ural steel  proposed  by  Mr.  Hunt  offers  a  convenient  and  ready 
means  for  testing  material  in  quantity,  without  submitting  to  the  ex- 
pense and  delay  of  preparing  specimens  as  now  practiced  for  tension 
tests.  If  the  upper  shank  of  the  punching  tool  was  formed  into  a 
tapered  drift,  and  a  segmental  die  used  which  would  open  laterally 
when  penetrated  by  the  drift,  the  operator  could  not  only  measure  the 
resistance  to  or  work  done  by  punching,  but  also  that  due  to  the  dis- 
tension of  the  specimen  by  the  drift. 

This  is  a  test  of  great  value  for  ascertaining  the  quality  of  iron 
or  steel.  It  is  a  fact  well  known  to  inspectors,  that  sometimes  steel 
will  be  found  that  does  not  properly  endure  the  torture  of  the  punch 
and  drift,  or  bending  test  after  punching,  and  yet  yields  satisfactory 
results  when  pulled  in  the  testing  machine  in  the  ordinary  manner. 
Nor  is  the  chemist  always  able  to  disclose  the  secret  of  a  particular 
weakness,  which  leads  some  to  declare  that  no  steel  should  be  punched 
or  sheared.  It  is  quite  probable  that  if  specimens  were  sheared  to  a 
definite  dimension,  and  offered  a  definite  resistance  to  punching  and 
drifting,  and  the  punched  holes  distended  a  definite  amount  before 
cracking,  we  would  have  as  useful  a  criterion  as  could  be  devised  for 
judging  the  quality  of  structural  steel. 

A.  C.  Cunningham,  Assoc.  M.  A.m.  Soc.  C.  E. — In  a  discussion  upon 
steel  rails  before  the  American  Institute  of  Mining  Engineers  in  Feb- 
ruary, 1881,  William  Sellers,  Esq. ,  of  Philadelphia,  proposed  the  use  of 
a  registering  punch  to  be  used  on  the  cross  end  of  rails,  as  one  of  the 
methods  for  determining  their  quality.  Mr.  Sellers  calls  attention  to 
the  difficulty  of  applying  a  registering  apparatus  to  regular  launches, 
and  concludes  that,  if  used,  a  sjjecial  machine  should  be  adojjted. 

In  the  same  discussion  Professor  Egleston,  of  New  York,  states  as 
follows  : 

"  Mr.  Sandberg  in  his  paper  mentions  the  idea  of  using  a 
registering  dynamometer  attached  to  the  punching  machines,  and  of 
determining  the  quality  of  the  metal  by  the  resistance  which  is  shown. 
I  think  the  first  idea  of  this  kind  was  liublished  by  Professor  Langley, 
of  Pittsburgh.   *  *  *  " 

We  thus  see  that  the  idea  of  determining  the  quality  of  steel  by  its 
resistance  to  punching  has  been  considered  before,  but  it  does  not 
seem  to  have  met  with  much  favor,  as  it  has  not  come  into  general  use. 

The    present    methods   of  testing,    which  Mr.    Hunt   proposes   to 
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abandon  for  a  method  of  punching,  shearing  or  drifting,  have  been 
used  for  many  years,  and  are  the  development  and  result  of  observa- 
tion and  study  on  the  part  of  those  who  manufacture  and  work  in 
steel.  Each  test  has  its  specific  purpose  and  tends  to  develop  certain 
qualities  of  the  steel. 

The  tension  test  grades  the  metal,  and  the  appearance  of  its  fract- 
ure is  a  valuable  guide  to  its  properties,  the  combined  results  gi\ing 
valuable  indications  of  lack  of  work,  cold  rolling,  overheating  and 
burning. 

Hot,  cold  and  quenched  bending  tests  give  reliable  indications  of 
the  presence  of  excessive  amounts  of  the  various  constituents  of  the 
steel,  as  carbon,  phosphorus,  sulphur,  manganese,  etc.,  which  are  not 
developed  by  tbe  tension  tests.  Drifting  tests  are  not  commonly 
made,  but  are  of  value  in  developing  the  ductility  of  the  steel.  Drop 
tests  are  of  decided  value  for  material  subject  to  impact,  as  car  wheels, 
rails  and  axles. 

Other  i^hysical  tests  not  mentioned  by  Mr.  Hunt,  but  often  speci- 
fied or  used,  are  as  follows  : 

Drawing  down  the  steel  a  certain  percentage  of  its  thickness  under 
the  hammer,  either  hot  or  cold,  and  called  hot  and  cold  hammer  tests. 
Special  punching  tests  to  demonstrate  how  near  together,  or  how 
close  to  a  sheared  or  rolled  edge,  holes  may  be  punched.  Opening 
and  closing  tests  in  which  the  different  parts  of  a  shape,  as  the  legs 
of  an  angle,  are  closed  together  or  opened  out.  Upsetting  tests  in 
which  the  steel  is  driven  back  on  itself.  Nicked  bending  tests  for  the 
comparison  of  diflferent  steels,  or  the  homogeneity  of  the  same  steel. 

The  use  for  which  a  steel  is  intended,  or  the  treatment  it  is  to  re- 
ceive, will  develop  suitable  tests  to  be  employed. 

The  chemical  analysis  of  the  steel,  the  most  important  of  all,  will 
in  itself  indicate  to  the  practical  observer  the  ultimate  strength  of  the 
metal,  and  whether  it  is  liable  to  hot  or  cold  shortness,  sensitive  to 
impact  or  otherwise  likely  to  prove  dangerous  under  certain  conditions. 

The  use  of  all  the  above-euumerated  tests  is  not  necessary  for  de- 
termining the  value  of  a  steel  for  structural  purposes,  and  it  is  rarely 
the  case  that  they  are  all  api3lied.  With  the  analysis  of  the  steel,  a 
tension  test,  a  cold  and  quenched  bending  test,  no  steel  need  be 
accepted  for  a  structure  that  is  not  entirely  suitable ;  and  if  these  tests 
are  properly  selected,  one  of  each  is  sufficient  for  each  east  of  steel. 
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By  cutting  the  ordinary  tension  test  from  6  to  8  ins.  longer  than 
usual,  the  ends  of  the  broken  jaieces  can  be  used  for  making  the  bends, 
and  the  actual  number  of  machined  pieces  required  for  three  tests  is 
thus  reduced  to  one. 

These  methods  of  testing  steel  Mr.  Hunt  proposes  to  abandon  for 
the  following  reasons  : 

Fi)-s(. — On  account  of  the  time  required  and  expense  occasioned, 
the  tensile,  chemical  and  drop  tests  are  not  sufficiently  numerous  to 
discover  and  check  a  lack  of  homogeneity  in  the  metal. 

In  this  connection  it  may  be  said  that  the  time  required  to  prepare 
at!  ordinary  tension  test  will  not  exceed  two  hours  from  the  time  the 
metal  is  cold  enough  to  cut ;  the  number  that  can  be  actually  pre- 
pared depending  upon  the  facilities  for  so  doing.  In  many  mills  100 
tests  can  be  averaged  daily.  In  one  of  the  mills  in  this  country  the 
cost  of  preparing  tests  has  been  carefully  computed  and  found  to  be 
about  22  cents  per  test. 

The  analysis  of  some  of  the  elements  of  the  steel  can  be  determined 
before  the  metal  is  cast.  The  analysis  of  all  the  elements  can  be  de- 
termined before  the  steel  is  ready  for  rolling.  Droj)  tests  can  be  made 
on  the  cross-ends  of  the  material  and  require  no  preparation  whatever. 
Any  delays  on  the  preparations  of  tests  or  analyses  may  be  traced  to 
lack  of  proper  facilities  for  making  them. 

Second. — Variation  in  results  of  tests  owing  to  location  from  which 
they  are  taken,  and  variations  due  to  speed  of  testing,  amount  of 
impact,  api^lication  of  strains,  and  by  pulling  specimens  out  of  line. 

To  these  objections  it  may  be  said  that  the  variations  of  results 
due  to  location  of  test  piece  will  apply  equally  as  well  to  a  punching 
test  as  to  a  tension  test.  The  amount  of  impact  is  settled  by  the 
specification  for  drop  tests,  and  the  speed  of  testing  and  application 
of  strains  cannot  make  a  jjoor  steel  give  good  results.  Pulling  a 
^jpecimen  out  of  line  is  against  the  development  of  best  results,  and 
cannot  be  used  to  pass  questionable  steel.  Location  of  test  piece, 
speed  of  testing,  etc. ,  are  all  within  the  control  of  specifications. 

Third. — The  narrowing  of  the  allowable  limits  of  specifications  by 
engineers,  and  the  strict  interpretation  of  the  same  by  inspectors. 

In  this  connection  it  may  be  said  that  the  bridge  builder's  standard 
specification,  made  by  the  contractors  themselves,  set  the  allowable 
variations  for  the  ultimate  strength  of  steel  at  8  000  lbs. ,  and  it  is  the 
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exception  to  find  a  specific ition  in  which  the  limits  are  narrower  than 
this;  where  they  are  nai-rower,  it  is  because  the  engineer  wishes  a  still 
more  uniform  metal,  or  has  been  led  to  believe  from  his  test  reports 
that  a  more  uniform  metal  can  readily  be  made. 

The  specification  of  the  city  of  Chicago  allows  a  variation  of  13  000 
lbs.  in  finished  material,  and  the  specification  of  the  XJ.  S.  Navy 
Department  for  the  structural  material  of  the  new  ships  calls  for  a 
minimum  ultimate  of  60  000  lbs.  and  a  minimum  elongation  of  25% 
in  8  ins. ,  with  no  maximum  limit  of  ultimate  and  no  requirements  of 
elastic  limit  or  reduction  of  area. 

Certainly,  the  narrowing  of  some  specifications  seems  to  be  more 
than  ofi"set  by  the  widening  of  others.  No  contractor  is  obliged  to 
make  material  under  a  specification  that  he  considers  too  narrow,  and, 
if  in  doing  so  he  has  more  or  less  steel  rejected,  he  should  find  the 
fault  in  himself,  and  not  in  the  engineer  who  made  the  specification, 
or  the  inspector  who  enforced  it.  Inspectors  do  not  contract  the 
requirements  for  steel  inside  the  specifications  ;  the  manufacturer 
may  be  depended  upon  to  enforce  this,  and  engineers  have  doubtless 
found  out  that  it  is  unwise  to  give  inspectors  unlimited  powers  to 
accept  steel  at  their  discretion. 

How  the  substitution  of  a  punching  test  for  a  tension  test  is  going 
to  remedy  the  narrowing  of  specifications,  unless  by  temporarily 
befogging  those  who  make  specifications,  is  not  readily  apparent.  The 
engineer  who  requires  close  limits  for  a  tension  test  will  require  the 
same  for  a  punching  test,  when  he  becomes  familiar  with  it. 

Fourth. — "Bending,  drifting  and  similar  tests  of  ductility  do  not 
give  results,  in  numerical  quantities,  convenient  for  reference,  com- 
parison and  record,  or  for  exact  stipulation  of  requirements  in  speci- 
fications." 

Specifications  give  the  angle  to  which  tests  must  be  bent,  and  the 
diameter  of  the  circle  around  which  they  are  to  be  bent.  The  angle 
and  curve,  whether  greater  or  less  than  required  by  specification, 
to  which  tests  conform,  can  be  recorded  numerically,  or  graphically, 
by  placing  on  paper  and  drawing  pencil  marks  around  them.  In  the 
same  manner,  in  the  case  of  drift  tests,  the  diameter  of  original  hole 
and  of  drifted  hole  can  be  recorded  numerically  or  graphically.  In 
fact,  any  test  involving  a  change  in  dimensions,  or  alteration  of  figure, 
can  be  recorded  numerically. 
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The  method  for  testing  steel  which  Mr.  Hunt  proposes  to  substitiite 
for  the  present  method  consists  of  registering  the  results  of  punching 
holes  in  the  steel;  the  same  cross-ends  from  which  we  take  our  present 
tests  are  to  be  utilized  for  the  punching  tests,  and  owing  to  the 
rapidity  with  which  the  tests  can  be  made,  and  the  slight  amount  of 
preparation  necessary,  a  much  greater  number  are  to  be  made  on  each 
heat  of  steel. 

The  claims  for  this  method  do  not  hold  in  the  case  of  car  axles, 
heavy  eye-bar  flats,  large  rounds  for  bridge  jiins,  rounds  and  squares 
of  any  dimensions,  flanges  of  beams  or  channels,  or  any  material  of 
excessive  thickness,  or  having  surfaces  not  parallel.  In  such  cases, 
fully  as  much,  if  not  more,  preliminary  preparation  will  be  required 
to  prepare  the  tests  than  is  now  the  case. 

It  is  further  proposed  to  equip  the  shop  punches  with  a  register- 
ing apparatus,  whereby  every  hole  punched  in  a  piece  of  material  may 
become  a  test. 

Besides  the  preliminary  cost  of  equipping  the  punches,  it  would 
seem  that  considerable  delay  in  the  work  would  be  occasioned,  even 
by  recording  the  results  on  a  part  of  the  holes,  and  a  more  accurate 
observer  than  the  man  running  the  punch  would  be  needed  to  make 
the  observations. 

The  argument  has  been  used  that  the  bridge  shops  are  subjected 
to  annoying  delays  by  the  present  method  of  testing,  but  by  the  pro- 
posed method  it  would  seem  that  they  might  be  subject  to  even  greater 
delays  and  uncertainties. 

In  the  case  of  drilled  work,  the  shop  observations  become  im- 
possible. 

The  unavoidable  variations  in  the  conditions  of  punches  and  dies, 
and  amount  of  clearance  between  the  same,  would  alone  seem  to  ofifer 
an  insurmountable  obstacle  to  this  method  of  testing. 

The  punching  tests  made  by  Mr.  Hunt  were  conducted  under 
uniform  conditions,  but  the  results  are  so  variable  as  to  be  rather  dis- 
couraging in  themselves,  and,  when  the  further  variation  of  conditions 
is  considered,  it  seems  doubtful  if  this  is  a  desirable  method  for  testing 
steel. 

With  our  present  knowledge  of  steel,  the  need  of  detecting  a  lack 
of  homogeneity  is  no  longer  necessary,  for  we  may  assume,  without 
error,  that  no  steel  is  homogeneous.     What  we  need  to  determine  is 
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that  none  of  the  steel  that  goes   into    our  structures  is  outside  the 
limits  of  safety. 

In  a  paper  by  Mr.  Pourcel,  before  another  branch  of  this  Congress, 
the  subject  of  segregation  is  very  thoroughly  discussed.  It  has  been 
shown  that,  no  matter  how  thoroughly  "mixed"  or  homogeneous  a 
steel  may  be  while  molten,  that,  as  soon  as  it  is  cast  and  begins  to 
solidify,  its  constituents  begin  to  separate  out  or  "segregate  "  towards 
the  still  molten  part  of  the  metal.  This  tendency  to  segregate  is 
decidedly  marked  for  carbon,  phosphorus  and  sulphur,  and  less 
marked  for  manganese.  In  consequence  of  this  law  of  segregation, 
it  is  found  that  the  elements  of  the  steel  tend  to  accumulate  towards 
the  axis  and  top  of  an  ingot  as  long  as  any  of  the  steel  is  molten,  and 
will  be  in  excess  at  the  top  near  or  on  the  axial  line. 

If  the  tests  representing  the  steel  are  taken  from  the  most  highly 
segregated  portions,  the  worst  condition  is  at  once  known,  and  it  may 
be  assumed  that  the  balance  of  the  steel  is  better  than  that  repre- 
sented by  the  test.  Thus  the  true  condition  of  a  steel  may  be  shown  to 
better  advantage  by  the  judicious  selection  of  a  few  tests  than  by  the 
indiscriminate  selection  of  a  large  number. 

Mr.  John  Purser  Griffith.* — Mr.  President,  the  group  of  inter- 
esting papers  on  steel  which  the  Civil  Engineering  Division  of  the 
Congress  has  had  before  it  to-day  proves  to  me  that  American  en- 
gineers, like  their  European  brethren,  are  rapidly  aj^preciating  the 
value  of  steel  for  structural  purposes.  In  England,  if  the  difficulties 
which  lie  in  the  way  of  welding  steel  could  be  overcome,  there 
can  be  but  little  doubt  that  the  manufacture  of  wrought  iron  would 
cease  for  commercial  purposes.  I  should  very  much  like  to  hear  the 
opinions  of  some  of  the  distinguished  steel  manufacturers  of  this 
country  as  to  the  practicability  of  welding  steel  with  any  degree  of 
certainty.  Cases  occur  to  me  in  which  steel  bars  have  appeared  to  be 
l^erfectly  welded,  but,  on  being  tested,  it  was  proved  that  the  surfaces 
in  contact  were  only  folded  together  or  interlaced,  and  not  welded. 
The  uncertainty  of  steel  welding  is  undoubtedly  a  drawback  to  its  use 
for  structural  purposes,  and  I  trust  that  the  day  is  not  far  distant  when 
this  difficulty  may  be  overcome.  Mr.  Hunt's  suggestion  to  test  steel 
by  punching  and  measuring  automatically  the  work  done  has  interested 
me  much.       He  no  doubt  is  aware  that  the  punching  and  drifting  tests 

*  Of  Dublin,  Ireland, 
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are  in  use  in  England;  but,  as  far  as  I  know,  no  proposal  lias  been  made 
to  register  tlie  work  done  in  punching. 

More  than  thirty  years  ago  the  late  Mr.  Eobert  Mallet  proposed  the 
adoption  of  a  test  of  the  work  done  in  breaking  iron  by  tensile  stress.  It 
appeared  to  me  such  a  rational  test  that  I  have  often  wondered  why  its 
vahie  has  not  been  more  fuQy  recognized  by  engineers.  Perhaps  the 
absence  of  good  automatic  registering  appliances,  such  as  those 
described  by  Mr.  Hunt,  may  explain  the  apathy  with  which  Mr.  Mal- 
let's proposals  were  received. 

AiiFKED  E.  Hunt. — Mr.  Morison  states  that  "  this  proposed  metkod 
of  testing  would,  perhaps,  be  an  ideal  one,  so  that  no  other  inspection 
would  be  required."  It  is  not  my  judgment  that  this  form  of  testing 
will  ever  replace  mill  inspection.  One  serious  objection  is  that  when 
the  material  is  condemned  at  the  bridge  shoi),  the  delays  occasioned 
by  the  replacement  are  of  such  a  serious  character  as  to  cause  the  use 
of  material  which  would  otherwise  be  condemned  and  which  ought  not 
to  be  used  for  structural  work.  Again,  the  tracing  of  steel  as  separate 
melts  at  the  mills  where  it  is  manufactured,  and  reasonable  super- 
vision over  this  system  of  selection  of  the  steel  by  melts  is,  so  far  as 
my  experience  goes,  a  necessity,  to  insure  the  proper  inspection  of 
steel. 

I  would  not  suggest  the  method  to  do  away  with  full-size  eye-bar 
tests.  I  believe  this  to  be  a  very  important  and  necessary  series  of 
tests  in  the  proper  inspection  of  eye-bars  for  any  important  work;  but 
the  same  method  of  testing  steel  applicable  for  eye-bars  and  pins  can 
be  readily  used;  that  is,  the  force  required  or  the  work  done  in  cut- 
ting a  given  indenture  can  be  measured  as  a  method  of  testing  with  the 
larger  blocks  of  steel  used  in  eye-bars  and  pins. 

Mr.  Morison  says :  "I  know  of  no  method  of  testing  eye-bars 
which  will  give  perfectly  satisfactory  results,  except  that  of  taking 
every  j^recaution  to  obtain  uniform  steel  and  then  testing  a  number  of 
the  full-sized  bars."  I  most  thoroughly  agree  with  Mr.  Morison's 
statement  in  this,  but  respectfully  submit  that  this  method  of  testing 
can  be  used  as  one  of  the  "  precautions  to  obtain  uniform  steel,"  and 
by  the  ease  and  rapidity  with  which  the  tests  can  be  made,  more  of 
them  can  be  made  upon  any  given  lot  of  steel,  and,  therefore,  more 
assurance  obtained  as  to  the  uniformity  of  the  steel  in  its  selection  for 
the  fabrication  of  the  eye-bars  in  the  first  instance. 
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While  I  admit  that  we  have  so  far  obtained  more  miiform  and 
regular  results  with  punching  than  with  cutting  and  shearing,  at  the 
same  time  the  same  principle  can  be  made  to  apply  very  satisfactorily 
with  shearing,  and  I  would  refer  any  one  who  wants  to  investigate  this 
matter  further  to  the  very  valuable  and  exhaustive  series  of  papers  by 
H.  V.  Loss,  publishe.l  in  the  American  Engineer  and  Railroad  Journal 
about  a  year  ago,  A\dth  reference  to  the  investigation  of  shearing  work. 

Another  point,  brought  out  by  Mr.  Buck,  that  it  would  be  well  to 
have  the  size  of  the  punch,  the  thickness  of  the  plate,  proportion  of 
size  of  punch  to  that  of  the  die,  and  the  shar^jness  of  punch  and  die 
specified,  or  at  least  to  eliminate  as  many  of  these  varying  condi- 
tions as  possible.  The  clearance  of  the  die  should  certainly  be  specified 
in  any  given  series  of  tests.  I  think  a  study  of  the  results  of  the  tables 
will  show  the  work  upon  the  relative  thickness  of  plate  to  be  quite 
closely  approaching  the  formula  up  to  at  least  f  in.  thickness,  and 
the  relative  sharpness  of  the  die  can  be  readily  checked  by  having 
standard  pieces  which  take  a  known  force  to  punch,  or  a  known  amount 
of  work  to  punch,  and  checking  the  apparatus  in  this  way  often. 

Answering  Mr.  White's  questions,  I  think  the  appendix  referring  to 
the  question  of  time  shows  that,  while  the  conditions  of  the  testing 
should  be  relatively  as  nearly  alike  as  possible,  a  considerable  variance 
in  the  time  of  making  the  punching  test  does  not  have  a  very  material 
influence  upon  the  results. 

The  suggestion  made  by  Mr.  James  Christie  of  having  the  "  upper 
shank  of  the  punching  tool  formed  into  a  tapered  drift,  and  a  seg- 
mental die  used  which  would  open  laterally  when  penetrated  by  the 
drift,"  seems  to  me  to  be  a  very  excellent  one,  and  the  data  gotten  by 
obtaining  the  distension  of  the  specimen  in  punching  or  drifting  would 
be  valuable. 

Answering  the  points  of  Mr.  Cunningham,  I  wish  to  again  call 
attention  to  the  fact  that  it  is  clearly  stated  in  the  paper,  and  I  wish 
to  reiterate,  that  there  is  no  proposal  by  me  to  abandon  the  present 
methods  of  testing.  My  idea  is  that  the  method  of  testing  suggested 
can  be  much  more  readily  and  cheaply  employed,  and  that  it  could 
be  used  as  an  addition;  and  very  likely  after  it  had  been  used  in  con- 
junction with  tensile  testing  for  some  time  it  would  be  found  to 
take  the  place  of  very  many  tensile  tests.  I  do  not  believe,  however, 
that  it  will  ever  be  advisable  to  use  this  proposed  method  to  entirely 
supersede  the  present  methods  of  testing. 
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I  thoroughly  agree  with  Mr.  Cnnningham  in  his  statement  that 
drifting  tests  are  of  value  in  developing  the  ductilitv  of  steel,  but  I 
cannot  agree  with  him  in  his  statement  that  "with  the  analysis  of 
steel  and  a  tension  test,  and  a  cold  and  quenched  bending  test,  no  steel 
need  be  accepted  for  a  structure  that  is  not  entirely  suitable;  and  if 
these  tests  are  projDerly  selected,  one  of  each  is  sufficient  for  each  cast 
of  steel. "  Melts  of  open-hearth  steel  are  now  made  with  from  10  to  30 
tons  of  metal  in  each  case;  and  this  limited  number  of  tests  suggested 
by  Mr.  Cunningham  I  have  found  in  my  experience  does  not  always 
record  poor  results,  and  cause  the  rejection  of  steel  which  is  faulty  on 
account  of  being  non-homogeneous.  This  non-homogeneity  is  due  to 
many  different  causes,  among  them  being : 

First. — Poor  melting  and  irregular  steel  in  its  first  manufacture  in 
the  steel  furnace  or  converter. 

Second. — Segregation  of  the  impurities  in  large  ingots  of  the  steel. 

Third. — The  burning  of  portions  of  the  steel. 

Fourth. — The  lack  of  sufficient  work  upon  a  jjortion  of  the  metal. 

The  series  of  tests  which  Mr.  Cunningham  has  outlined  can  often 
be  obtained,  and  entirely  fail  to  discover  lack  of  homogeneity  due  to 
any  one  of  these  causes  in  a  portion  of  the  metal;  the  parts  of  the  melt 
from  which  the  tests  had  been  obtained  being  entirely  satisfactory, 
while  other  portions  of  the  metal  might  be  dangerously  weak. 

It  is  for  this  reason  especially  that  I  consider  this  method  of  tests 
a  valuable  one,  as  it  allows  more  tests  to  be  made  u^jon  any  given  lot 
of  metal,  giving  thereby  a  better  idea  of  its  quality  than  can  be  ob- 
tained by  the  tests  which  Mr.  Cunningham  has  enumerated,  all  of 
which  I  grant  are  valuable  tests,  and  which  have  been  so  recognized 
and  have  become  standard. 

The  cost  of  test  specimens  which  have  been  made  I  grant  has  been 
increased  in  some  of  the  larger  mills,  and  the  cost  of  preparation  has 
been  decreased  by  special  apparatus.  At  the  same  time  "  100  test 
specimens  pulled  in  a  day,"  in  a  large  steel  mill  are  often  not  enough 
to  prove  the  quality  of  the  steel.  Especially  has  this  been  the  case 
when  the  steel  works  are  working  poorly  and  irregularly,  and  produc- 
ing non-homogeneous  steel.  By  the  method  of  testing  which  has  been 
outlined  in  this  paper,  100  tests  can  be  made  and  recorded  in  an  hour, 
with  a  very  small  proportion  of  the  expense  that  now  is  called  for  by 
the  standard  methods  suggested  by  Mr.  Cunningham,  and  which  in  ten- 
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sile  tests  under  very  favorable  conditions  he  estimates  to  be  about  22 
cents  in  the  preparation  of  each  specimen. 

I  grant  the  truth  of  Mr.  Cunningham's  observation  that  variance  in 
results,  due  to  the  location  of  test  specimen,  will  apjaly  equally  to 
the  punching  test  as  to  the  tensile  test;  but  this  does  not  do  away 
with  the  force  of  the  statement  given  above  of  the  great  advantage 
of  more  tests,  but  rather  adds  to  the  necessity  of  the  larger  number 
of  tests  being  obtained  as  can  readily  be  done  by  the  suggested  method 
of  measuring  the  force  or  work  done  in  punching. 

As  to  the  substitution  of  punching  tests  for  tensile  tests  remedying 
the  narrowing  of  specifications,  I  have  hopes  that  it  will,  for  I  believe 
that  many  intelligent  engineers,  in  making  the  narrow  limits  to  their 
specifications,  do  so  with  the  idea  that  the  narrow  limit  is  required  in 
order  to  insure  homogeneity  of  the  metal,  and  that,  should  they  be 
able  to  get  a  much  larger  number  of  tests  of  any  given  lot  of  steel  by 
this  proposed  method  of  punching,  they  would  be  willing  to  allow,  with 
the  larger  knowledge  of  the  character  of  the  metal  which  could  be 
obtained,  a  wider  variance  in  the  requirements  of  their  specifications. 

The  same  statements  that  I  have  made  answering  Mr.  Morison's 
discussion  regarding  this  method  of  testing  being  applicable  for  eye- 
bars  and  bridge  pins  of  course  would  apply  to  car  axles  and  large 
rounds  and  squares  and  other  large  sections  of  steel.  It  will  be  per- 
fectly practicable  to  measure  the  force  applied  in  cutting  a  given  in- 
denture in  these  large  sections  and  thereby  obtain  a  measure  of  the 
quality  of  the  steel  according  to  this  method,  although  I  have  frankly 
to  admit  that  this  will  require  a  considerable  amount  of  data  to  be 
obtained  by  further  experiments.  At  the  same  time  I  believe  that  this 
method  can  be  adopted  for  this  class  of  work.  Of  course,  the  method 
is  more  applicable  to  the  very  much  larger  number  of  sections  of  steel 
which  are  used  in  ordinary  structural  work,  namely,  plates,  angles 
and  ordinary  structural  sections  which  have  some  of  their  surfaces 
parallel. 

Mr.  Cunningham  states  that  in  the  case  of  drilled  work  especially 
observations  would  become  impossible  upon  this  method  of  testing. 
I  would  call  his  attention  to  the  fact  that  the  same  practice,  I  believe, 
will  apply  with  considerable  success  in  measuring  the  force  and  even 
the  work  done  by  a  drilling  tool  as  with  a  punch;  and,  from  some  data 
which  I  have  lately  obtained  on  this  method,  I  am  confident  that  a  very 
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successful  nietliod  of  measuring  the  force  required  to  cut  a  given 
indenture  with  a  drill  can  be  readily  obtained. 

I  do  not  agree  with  Mr.  Cunningham's  statement  that  "the  un- 
avoidable variations  in  the  conditions  of  i3unches  and  dies,  and  amount 
of  clearance  between  the  same,  would  alone  seem  to  offer  an  insur- 
mountable obstacle  to  this  method  of  testing."  Some  of  the  experi- 
ments outlined  in  this  paper,  as  well  as  a  large  number  of  others, 
have  shown  that  considerable  variation  can  be  allowed  in  the  condition 
of  the  punches  and  dies  without  materially  altering  the  results,  and 
that  it  is  perfectly  possible  to  keep  the  tools  used  in  this  method  of 
testing  in  such  condition  without  any  extraordinary  care  or  consider- 
able expense,  so  that  these  considerations  are  not  serious  obstacles. 
However,  I  grant  that  it  would  be  necessary  in  this  method  of  testing, 
as  in  any  other,  to  keep  the  condition  of  the  punches  and  dies  and  the 
amount  of  clearance  between  them  reasonably  accurate.  This  can 
readily  be  done,  and  I  again  call  attention  to  the  fact  that  there  is 
an  easy  method  of  checking  the  conditions  upon  standard  pieces  of 
steel  which  have  been  tested  under  favorable  conditions. 

Mr.  Cunningham  certainly  cannot  have  studied  the  various  appen- 
dices to  the  paper  and  state  that  the  "  conditions  under  which  these 
punching  tests  were  made  were  uniform."  Many  variances  were  ob- 
tained, both  as  to  the  thickness  of  the  metal  and  character  of  it  in 
being  good  and  bad  steel,  and  with  two  different  sizes  of  punches. 

I  do  not  agree  with  his  statement  that  the  "results  of  the  tables 
are  so  variable  as  to  be  discouraging"  in  this;  and  my  experience 
does  not  lead  me  to  agree  with  the  further  statement  made  by  Mr. 
Cunningham  that  ' '  because  a  test  specimen  may  be  taken  from  where 
presumably  the  highest  segregations  occur  in  the  steel  ingots,  there- 
fore the  worst  conditions  have  been  taken,"  and  that  it  "  can  be  fairly 
assumed  that  the  balance  of  the  steel  is  better  than  that  represented 
by  the  test  specimens."  I  have  already  shown  that  there  are  other 
causes  of  non-homogeneity  beyond  that  of  segregation,  and  my  own 
exjjerience  has  shown  that  it  is  by  no  means  safe  to  claim  that  any  test 
specimen  can  be  selected  beforehand  which  contains  the  maximum 
content  of  imparities  due  to  segregation  in  the  steel. 

Another  objection  has  been  brought  to  my  attention,  that  the  com- 
pressibility of  the  punch,  as  compared  with  that  of  the  material,  may 
be  an  important  factor  in  this  method  of  testing,  and  that  I  have  not 
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mentioned  this  in  my  paper.  By  careful  measurements  of  the  punches 
used,  before,  during  and  after  the  punching  operation,  the  results 
have  shown  that  with  ordinary  work,  and  where  the  punch  is  not  re- 
quired to  push  through  material  of  a  thickness  over  the  diameter  of 
the  punch,  the  compressibility  of  the  punch  is  practically  nil  and  is 
not  a  factor  which  enters  into  the  measurement  ox  the  force  applied, 
and,  in  fact,  is  not  even  a  considerable  factor  in  the  measurement  of 
the  work  done  in  the  punching  operation. 

While  I  have  to  again  frankly  admit  that  there  is  much  more 
work  to  be  done  upon  this  method  of  testing  in  order  to  utilize  it  com- 
pletely, still,  with  each  added  day's  experience  with  this  method  of 
testing,  I  am  more  convinced  of  its  practicability  and  utility  in  testing 
structural  material. 
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By  G.  H.  Thomson,  D.  J.  Whittemoee,  Geokge  S.  Moeison,  Robert 
MooEE,  WiLXiiAM  Metcaif  and  C.  Weykich. 


G.  H.  Thomson,  M.  ^im.  See.  0.  E. — In  Mr.  Weyrich's  paper,  Vol. 
XXX,  page  234,  he  states:  "It  is  therefore  urgently  desirable  that  the 
previously  approved  mild  steel  may  still  continue  to  be  used  for  all 
constructions  without  any  alteration  whatever." 

The  mild  steel  of  Germany  may  not  be,  and  probably  is  not,  identi- 
cally the  same  as  the  mild  steels  of  our  country;  but,  in  view  of  the 
large  quantities  of  so-called  mild  steels  now  thrown  out  on  the  market, 
much  of  it  of  a  very  doubtful  character,  it  seems  to  me  that  we  are 
justified  in  exercising  more  than  usual  caution  in  its  use.  We  should 
use  harder  steels  rather  than  softer  steels — not  too  hard,  however. 

The  main  point  in  the  quality  of  steel  is  to  get  ingots  free  from  gas 
c — a  difficult  matter  in  basic  steels,  unless  the  ingots  are  "  cropped  " 
for  perhaps  4:0%  of  their  length. 

*  "The  Use  of  Basic  Mild  Steel  as  Material  for  Construction  in  Germany."  By  C.  Wey- 
rich,  Engineer  of  Eiver  and  Harbor  Board  at  Hamburg,  Germany.  Transactions,  Vol.  XXX, 
page  219. 
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I  have  in  mind  a  number  of  railroad  bridges  which  have  failed,  or 
are  failing,  or  are  beginning  to  show  evidences  of  failures  due  to  the 
use  of  too  soft,  rotten  and  gaseous  basic  steels. 

Railroad  managers  cannot  be  too  wary  in  the  acceptance  of  this 
uncertain  and  not  very  well-known  material;  especially  should  such 
metal  be  kept  away  from  the  -lunch  and  shears. 

D.  J.  "Whittemoke,  Past  President  Am.  Soc.  C.  E. — We  are  given  to 
understand  by  Mr.  Gleim  that  it  is  the  intention  to  use  steel  through- 
out for  bridge  construction  in  Germany.  I  wish  to  say  that  in  conver- 
sation with  two  engineers  of  trunk  lines  in  this  country  I  learned  that 
it  was  their  intention  to  use  mild  steel  in  eye-bars  only,  and  that  the 
balance  of  their  structures  would  be  constructed  of  wrought  iron. 

There  can  be  but  little  doubt  that  considerable  so-called  mild  steel 
of  poor  quality  has  been  manufactured  and  used  in  this  country.  But 
a  short  time  since  some  girders  of  this  so-called  mild  steel  were  con- 
structed in  Chicago  which  required  two  cars  for  transportation.  By 
mistake  the  coupling-pin  joining  the  cars  was  drawn  at  the  time  ship- 
ment was  to  be  made,  which  permitted  the  dropping  of  one  end  of  the 
girders  to  the  track — a  distance  of  4  or  5  ft.  The  result  of  this  acci- 
dent was  that  the  girders  broke  in  two;  and  certainly  this  should  not 
have  occurred  had  they  been  built  of  good  material.  Similar  failures 
undoubtedly  have  caused  mild  steel  to  be  looked  upon  with  disfavor. 
Proper  inspection  of  the  manufacture  of  the  steel  should  be  insisted 
upon,  to  overcome  this  prejudice. 

Mr.  Thomson. — I  had  an  experience  several  months  ago  with  a 
plate  girder  140  ft.  long  and  some  10  ft.  wide.  The  girder  was  being 
loaded  on  a  train  of  cars  at  one  side.  When  up  about  10  ft.  the  tackle 
failed  and  let  one  end  of  the  girder  down.  The  splice  in  the  bottom 
flange  stretched,  but  there  was  no  other  injury  to  the  girder. 

Geo.  S.  Mokison,  M.  Am.  Soc.  0.  E. — Speaking  of  injuries  to  bridges, 
I  should  like  to  mention  one  that  occurred  to  a  steel  draw-bridge  built 
under  my  direction.  It  was  the  bridge  across  the  St.  Johns  River  at 
Jacksonville,  Ela.  A  schooner  which  was  towed  by  a  tug  attempted  to 
go  through  the  draw  without  giving  proper  attention  to  steering.  The 
tug  in  coming  down  the  river  followed  a  course  which  made  a  sharp  angle 
with  the  axis  of  the  bridge  and,  when  opposite  the  draw,  turned  sud- 
denly and  went  through  the  draw  opening,  expecting  the  schooner  to 
follow  the  same  course.    The  course  of  the  schooner,  however,  was  deter- 
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mined  by  the  direction  of  the  tow  line.  First  the  schooner  struck  one 
of  the  piers  and  knocked  off  a  cathead,  losing  one  anchor.  It  then 
rebounded,  passed  through  the  draw  opening,  struck  the  draw  pro- 
tection, knocked  off  the  other  cathead  and  lost  the  other  anchor.  It 
then  struck  one  of  the  vertical  posts  of  the  draw  with  the  bowsprit,  the 
force  of  the  blow  being  so  great  that  the  bowsprit  was  broken  off 
where  it  entered  the  hull  of  the  schooner,  it  being  a  solid  pine  stick  26 
ins.  square  at  the  place  of  fracture.  The  force  of  the  blow  bent  the 
post  which  was  struck,  bent  the  bottom  chord,  and  was  such  as  to  send 
the  draw  home  and  close  it.  As  the  chord  was  bent  up  at  the  post  it 
was  down  at  the  end,  so  that  when  the  draw  was  closed  it  locked  itself, 
and  it  was  eight  hours  before  it  could  be  opened.  All  this  was  the 
result  of  a  single  blow.  The  only  member  that  was  so  injured  that  it 
had  to  be  replaced  by  a  new  member  was  the  vertical  post  which 
received  the  blow,  and  this  in  my  judgment  was  not  so  seriously 
injured  as  an  iron  member  would  have  been  in  the  same  place.  The 
draw  was  patched  up,  a  temporary  timber  post  was  inserted  and  used 
for  the  remainder  of  the  season,  and  in  the  following  summer,  when 
traffic  was  light,  a  new  post  was  put  in.  The  bridge  was  all  of  medium 
open-hearth  steel,  punched  and  reamed. 

RoBEKT  MooEE,  M.  Am.  Soc.  C.  E. — Referring  to  the  examples  that 
Mr.  Whittemore  has  given,  I  may  mention  two  in  my  own  experience. 
In  the  construction  of  a  line  of  elevated  railway  I  was  afraid  to  use 
steel  for  the  anchor  bolts.  They  were  large  anchor  bolts,  and  in  defer- 
ence to  the  general  opinion  as  to  the  danger  of  cutting  threads  in  steel,, 
I  used  iron.  The  only  members  of  the  whole  structure,  however,  that, 
failed,  were  two  of  those  iron  anchor  bolts.  If  I  had  used  steel  T 
should  have  been  sure  that  it  was  the  fault  of  the  metal. 

On  the  other  hand,  a  post  in  the  same  structure,  made  of  mild  steel, 
sustained  the  shock  of  a  collision  with  loaded  freight  cars,  without  se- 
rious damage.  The  oars  were  entirely  reversed  in  position  and  brought 
to  a  standstill,  but  the  post  was  so  little  damaged  that  it  continued  to 
do  service  for  over  a  year. 

A  Member. — Were  those  screws  with  upset  ends? 

Mr.  MooEE. — Yes,  sir. 

A  Member. — They  had  been  upset  and  annealed? 

Mr.  Moore. — They  had  been  upset,  and  many  of  them  had  been  an- 
nealed. 


684  DISCUSSION   ON"   THE    USE    OF   MILD    STEEL. 

A  Member. — Did  they  break  in  the  thread? 

Mr.  MooEE. — They  broke  in  the  thread,  or  close  to  the  thread. 

"Wm.  Metcalt,  President  Am.  Soc.  C.  E. — Mr.  Chairman,  the  only 
apology  that  I  have  to  o£fer  for  taking  up  the  time  in  this  discussion  is 
that  my  name  has  been  mentioned  once  or  twice  to-day,  and  that  I 
think  I  can  point  out  some  of  the  dangers  to  engineers  in  the  use  of 
steel,  which  will,  perhaps,  help  them  out  of  difficulties  in  regard  to  it. 

You  hear  a  great  deal  about  mild  steel  and  making  steel  mild 
by  getting  low  tensile  strength  and  great  elongation;  this  is  espe- 
cially true  in  regard  to  boiler  steel.  I  have  only  heard  that  kind  of 
steel  properly  characterized  once  in  this  discussion,  and  that  was  by 
Mr.  Hunt,  when  he  said  it  was  rotten.  The  matter  with  your  mild 
steel,  when  it  is  too  low  in  tensile  and  too  great  in  elongation,  is  that 
it  is  simply  rotten,  by  being  melted,  or  blown,  too  low  in  carbon,  be- 
cause of  the  impossibility  of  removing  afterwards  the  excess  of  oxygen 
and  nitrogen  that  is  thrown  into  it  by  that  operation.  After  a  number 
of  years  of  careful  study  by  Professor  Langley,  as  well  as  in  prac- 
tice, we  were  convinced  that  the  lowest  blown  steel  and  the  lowest 
melted  steel  contained  the  most  nitrogen  and  the  most  oxygen.  We 
also  found  to  our  surprise,  that  the  reason  that  we  could  sometimes 
put  into  the  crucible  the  best  material  in  the  world  and  melt  it  into  a 
rotten  jiroduct  was  because  we  melted  it  too  low  in  carbon;  it  would 
not  take  a  bending  test  or  a  welding  test.  In  the  nice  crucible  work 
we  were  compelled  to  be  cautious  about  melting  too  low.  "When  we 
first  found  this,  we  kept  getting  it  lower  and  lower  and  worse  and 
worse,  until  we  discovered  what  the  trouble  was.  If  engineers  could 
get  at  this  matter  projierly,  could  insure  that  no  steel  was  ever  melted 
in  open  hearth  below  15  carbon  and  none  blown  in  Bessemer  below  15 
carbon,  and  they  need  not  be  carbonized  above  20  to  23,  which  is  suffi- 
cient to  remove  all  of  the  oxygen  which  can  be  removed;  they  might 
have  a  steel  that  some  would  call  high  steel,  but  it  would  be  vastly 
better  and  safer  than  any  steel  of  .04  to  .06  carbon.  If  I  knew  it,  and 
I  were  making  boilers,  for  instance,  no  such  steel  as  .04  to  .06  carbon 
should  ever  go  into  a  boiler  of  mine.  We  have  numbers  of  boilers  in 
our  works  where  the  carbon  is  ui^  to  25  and  30.  There  is  no  danger  of 
those  boilers  bursting.  I  have  seen  them  bagged  away  down  by  bad 
firing  and  set  up  again  without  trouble.  The  secret  of  the  failure  of 
steel  to  weld  is  generally  from  too  low  carbon  and  being  too  high  in 
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•what  we  call  gases.  Steel  really  does  not  weld  in  any  case,  and  it  does 
not  stick  together  properly  if  melted  too  low  or  blown  too  low.  If 
engineers  could  get  the  idea  out  of  their  heads  that  the  maximum 
safety  is  in  the  minimum  strength,  and  would  use  a  steel  never  melted 
or  blown  below  15  carbon,  and  which  need  not  necessarily  go  above  25 
carbon,  I  think  all  of  these  diflficulties  would  disappear.  In  this  ex- 
ceptionally mild  steel,  so  over  mild  or  over  blown,  it  is  so  full  of  gas 
that  it  is  almost  impossible  to  get  a  sound  ingot. 

Mr.  Morison  spoke  yesterday  of  boring  his  pins  on  account  of  being 
piped.  Sir  Benjamin  Baker  spoke  of  members  where  the  steel  failed 
from  the  interior.  It  was  not  sound  in  the  ingot;  it  could  not  be  made 
sound.  You  may  test  it  and  not  discover  the  defects,  yet  they  are 
there.  In  hammering  round  pins  there  are  liable  to  be  holes  in  the 
center  which  are  caused  by  hammering  ;  by  boring  a  hole  through 
the  middle  of  the  pin  you  remove  any  possibility  of  there  being 
a  defect  there,  or,  if  it  is  there  still,  it  can  be  seen  and  the  pin 
can  be  rejected,  and  thus  get  a  safer  pin;  because  if  there  is  a  j^lace  in 
that  pin,  even  at  the  center,  where  the  integrity  of  the  material  is  de- 
stroyed, the  constant  deflections  will  start  a  fracture  at  that  defect, 
and  it  will  grow  until  it  goes  through  all  of  the  material  and  causes  a 
breakdown. 

Mr.  Whittemoke. — A  mild  steel? 

Mr.  Metcai^f. — Any  steel,  all  steel.  I  have  only  taken  the  time  to 
say  what  I  have,  because  I  think  the  dangers  in  the  use  of  steel  have 
been  increased  by  the  use  of  too  mild  steel.  You  cannot  get  too  much 
sulphur  in  it,  because  it  cannot  be  worked.  With  regard  to  melting 
in  the  open  hearth,  if  you  do  not  melt  too  low,  a  certain  quantity  of 
phosphorus  will  come  out  in  the  process  any  way,  and  excessively  low 
melting  is  not  necessary.  The  harm  done  in  melting  away  down  to 
take  out  all  of  the  phosphorus,  is  shown  when  testing;  the  oxygen, 
nitrogen  and  hydrogen  are  elements  of  harm  which  cannot  be  removed 
to  a  safe  degree  when  the  steel  is  too  soft  blown  or  melted. 

Mr.  C.  Weykich. — In  regard  to  the  mild  steel  treated  of  in  my  paper, 
I  beg  to  repeat  that  it  refers  to  the  use  for  bridges  and  buildings,  and 
not  for  engine  or  railway  construction,  such  as  rails,  ties  or  rolling 
stock,  for  which  purposes  a  spmewhat  harder  material  would  be  iu 
place.  There  can  be  no  question  as  to  the  milder  material  required  for 
bridge  building  being  more  difficult  to  jJroduce,  particularly  by  the 
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Thomas  process,  special  care  being  required  to  avoid  red-shortness. 
This  has  led  to  the  tests  in  Germany  being  made  in  two  opposite 
directions,  excluding  too  hard  a  material  on  one  side,  and  preventing 
its  being  too  soft  or  red-short  on  the  other  side,  by  specifying  a  lower 
as  well  as  an  upper  limit  of  textile  strength.  For  a  steel  tested  in  this 
manner  there  would  be  no  more  objection  to  shearing  and  punching 
than  for  wrought  iron;  and  if  the  specifications  nevertheless  exclude 
these  methods  of  working,  the  reasons  are  about  the  same  as  those  ex- 
cluding their  use  in  wrought-iron  structures  of  importance,  a  better 
quality  and  greater  neatness  of  work  being  aimed  at. 
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STABILITY    OF    QUAY    WALLS.— DISCUSSION    ON 
PAPER  No.  646.* 


By  Petek  Vedel  and  C.  O.  GiiEiM. 


Mr.  Peter  Vedel. — The  importance  of  this  question  to  all  harbor 
engineers  would  excuse  me  for  a  few  remarks.  In  its  original  shape 
this  wall  was  of  the  combined  type,  partially  a  stone  wall  and  partially 
a  bulkhead.  As  such,  it  had  to  act  on  two  quite  different  principles. 
The  wall  resists  the  pressure  of  the  earth  by  its  weight ;  the  bulkhead, 
by  the  passive  pressure  of  the  earth  in  front  of  it.  It  does  not  call 
into  action  any  other  force;  it  makes  the  earth  pressure,  so  to  say,  an- 
nihilate itself.  I  am  well  aware  that  this  advantage  is  only,  to  a  great 
extent,  apparent,  inasmuch  as  part  of  the  errors  in  the  assumptions  as 
to  the  constants  of  the  earth,  instead  of  eliminating  each  other,  rather, 
as  entering  into  the  active  and  passive  pressures  with  diflferent  signs, 
will  increase  the  uncertainty  of  the  calculation.  The  top  part  of  the 
wall  is  easily  calculated  by  the  usual  formulas  for  determining  the 
earth  pressure  on  it.  We  know  that,  if  its  back  side  is  given  a  certain 
batter,  those  formulas  will  give  the  same  result  as  the  rational  theory 
of  earth  pressure  based  upon  the  differential  equations,  and  we  know, 

*  "  Method  Used  to  Secure  the  Stability  of  a  Quay  Wall  at  the  Port  of  Altona,  on  the  Elbe, 
in  Germany,  which  had  Shifted  its  Position  after  Completion."  By  Berthold  Stahl,  Stadt- 
IsaUrath  at  Altona,  Germany.     Transactions,  Vol.  XXX,  page  284. 
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too,  tliat  the  pressure  found  will  then  be  the  actual  one,  whether  the 
assumptions  of  one  theory  or  the  other  be  nearer  the  truth.  But  the 
bulkhead  which  forms  the  substructure  of  this  wall  is  not  so  easily 
calculated  unless  it  is  decided  to  construct  it  as  a  usual  bulkhead,  to 
sustain  the  earth  pressure  independently  of  the  weight  of  the  stone 
wall.  It  seems  very  dangerous  to  count  upon  the  joint  action  of  those 
two  different  principles.  The  bulkhead  may  allow  a  certain  small 
movement  by  its  elasticity,  just  sufficient  to  crack  the  wall.  The  ab- 
sence of  land  ties  in  the  original  type  seems  to  indicate  that  the  sub- 
structure has  not  been  considered  an  independent  bulkhead.  In  the 
altered  wall  I  understand  that  the  stone- wall  principle  has  been  aban- 
doned altogether  and  the  bulkhead  principle  adoj^ted  exclusively. 
True,  the  old  front  wall  carries  part  of  the  weight  of  the  cranes,  but 
the  new  concrete  wall  which  has  been  built  behind  the  sheet  piling 
takes  up  the  pressure  of  the  backing,  and  the  sheet  piling  must,  there- 
fore, in  connection  with  the  piles,  sustain  the  whole  pressure  by  the 
passive  earth  pressure  in  front  of  the  piles  and  on  the  wooden  shields 
at  the  end  of  the  stays. 

I  happen  to  have  been  in  contact  with  a  similar  case,  in  the  new 
harbor  of  La  Plata,  at  Ensenada,  in  the  Ai'gentine  Republic,  The  wall 
was  10  or  11  m.  high,  and  the  lower  part  was  built  of  concrete  de- 
posited between  two  sheet  pilings,  which  were  supported  by  two  rows 
of  vertical  piles  driven  into  the  solid  clay.  The  top  part  of  the  wall  was 
of  masonry  and  fully  strong  enough;  but,  as  a  whole,  the  quay  wall 
could  not  sustain  the  pressure  of  the  loaded  backing  by  its  own 
weight,  and  it  had  to  depend  on  the  co-operation  of  the  vertical  piles. 
The  result  was  that  about  1  250  ft.  gave  way.  To  unload  it  by  remov- 
ing the  earth  and  filling  in  with  mattress  work  did  not  stop  the  motion. 
It  was  then  tried  to  anchor  the  wall  by  chains  to  the  piles,  on  which 
the  superstructure  of  the  sheds  rested,  but  at  an  unusually  low  water 
the  motion  took  greater  dimensions.  It  was  almost  exclusively  an 
overturning  around  the  toe  of  the  wall.  The  outer  row  of  piles  under 
the  sheds  followed  the  motion,  and  were  nearly  drawn  away  from  under 
the  superstructure.  "With  other  chains  they  were  secured  to  the  back 
row  of  piles  under  the  sheds,  but  even  then  they  began  to  move,  and 
only  the  rise  of  the  water  prevented  further  destruction.  In  the  recon- 
struction of  this  wall  it  was  decided,  instead  of  adopting,  as  in  Altona, 
the  bulkhead  principle  altogether,  rather  to  do  away  with  it;  and  a  new. 
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substantial  concrete  wall  was  built  in  front  of  the  old  one,  sufficiently 
strong  to  stand  tbe  earth  pressure  by  its  own  weight,  independently  of 
the  piles.  It  is  a  curious  coincident  that  the  cost  of  this  work  was 
about  3500  per  linear  meter,  or,  considering  the  higher  wages  and 
transportation  costs,  the  same  as  in  Altona,  by  the  reconstruction  upon 
the  opposite  principle. 

In  the  harbor  of  Copenhagen,  Denmark,  walls  have  been  built  uix)n 
the  combined  principle,  as  far  as  materials  go,  but  not  in  the  dimen- 
sioning of  the  construction.  In  renewing  old  bulkheads  their  over- 
water  part  is  cut  away ;  sheet  piles  and  bearing  piles  are  driven  and 
connected  with  the  land  ties  of  the  old  bulkhead,  and,  where  necessary, 
new  and  longer  land  ties  are  provided  for;  and  on  that  substructure 
the  top  stone  wall  is  built.  In  that  way  the  under-water  part  of  the 
bulkhead  is  the  same  or  stronger  than  before,  and  can,  independently 
of  the  weight  of  the  wall,  stand  the  pressure.  To  sum  up,  it  seems  ad- 
visable, therefore,  in  the  dimensioning,  to  count  only  with  one  of  the 
two  principles  acting  at  a  time,  even  if  other  considerations  make  us 
choose  to  use  such  combined  construction. 

C.  O.  GiiEiM,  Cor.  M.  Am.  Soc.  C.  E. — In  reference  to  the  criticism 
on  the  original  j)lan,  I  beg  to  say  that  the  same  design  for  the  cross- 
section  and  foundation  of  quay  walls  has  been  employed  in  Hamburg, 
where  such  constructions  have  answered  the  purpose  very  well.  I  do 
not  see  how  the  substructure  can  be  looked  upon  as  a  bulkhead  acting 
on  the  principle  of  resistance  by  the  passive  pressure  of  the  earth  in 
front  of  it.  I  do  not  consider  the  lower  part  as  anything  but  simply  a 
pile  substructure  intended  to  take  up  the  vertical  and  horizontal 
stresses  brought  upon  the  wall  and  the  sheet-piling.  The  land  ties 
that  were  afterwards  constructed  were  not  originally  required  to  make 
up  the  stability  of  the  quay  wall;  nor  would  they  have  sufficed  after- 
wards unless  they  were  fixed  in  the  stratum  of  clay  underneath.  Accord- 
ing to  the  author's  representation  this  was  a  case  of  a  landslide  taking 
place  along  a  certain  sUding  surface,  as  shown  in  Fig.  1  on  the  plate, 
and  carrying  away  the  quay  wall  together  with  its  back-filling  and  the 
freight  shed.  The  wall  has  now  been  anchored  to  the  fixed  subsoil. 
No  anchorage  constructed  on  the  principle  of  an  ordinary  bulkhead 
anchorage,  even  with  sufficient  weight  of  the  ground  resisting  the 
anchorage,  would  have  answered  the  purpose  if  the  anchors  had  been 
placed  in  the  sand-filling  over  the  sliding  surface. 
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UNDERGROUND  SOURCES  OF  WATER  SUPPLY.— 
DISCUSSION  ON  PAPER  No.  647.* 


By  Chables  B.  Brush,  L.  L.  Tribus,  D.  J.  Whittemoee, 
D.  W.  Mead  and  B.  Salbach. 


Charles  B.  Brush,  Vice-President  Am.  Soc.  C.  E.  —  I  ask  your 
attention  to  the  paper  by  Mr.  Salbach,  of  Germany,  which  has  many 
points  of  interest ;  it  is  a  discussion  of  one  of  the  most  important 
questions  that  comes  before  us,  viz.,  the  question  of  subterranean 
•water  supply.  The  author  dwells  at  length  on  the  fact  that  large  sub- 
terranean supplies  are  always  obtained  in  valleys.     He  says  : 

"  The  reason  for  the  location  in  valleys  of  water  works  depending 
on  a  supply  from  wells  is  generally  to  be  found  in  the  situation  of 
gravel  and  shingle  deposits  which,  reaching  down  from  the  mountain 
ridges  to  the  valleys  and  carrying  off  sj^ring  water,  are  exposed  to  a 
greater  extent  in  the  deep  cuts  formed  by  the  river  valleys  than  else- 
where. The  greater  part  of  these  dejiressions  was  formed  by  move- 
ments upon  the  earth's  surface  a  long  time  before  the  existence  of  rivers 
as  they  are  now,  and  the  deposits  of  gravel  and  shingle  referred  to  are 
of  much  more  ancient  origin  than  the  rivers  themselves,  which  latter 
are  generally  excavated  in  more  recent  formations.     Especially  inter- 

*  "Experiences  Had  During  the  Last  20  Years  with  Water  Works  Having  an 
Underground  Source  of  Supply."  By  B.  Salbach,  Baurath  at  Dresden,  Saxony,  Germany. 
Transactions,  Vol.  XXX,  page  293. 
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esting  examples  in  this  regard  are  the  sources  of  supply  of  the  water 
works  in  the  valley  of  the  Rhine,  of  Bonn,  Cologne,  Elberfeld,  Dlis- 
seldorf,  Mannheim,  and  also  of  the  city  of  Dresden." 

After  discussing  this  point  at  considerable  length,  the  writer  goes  on 
to  show  that  the  jjrejudice  that  exists  against  subterranean  supplies  is 
based  on  the  theory  that  water  thus  obtained  is  merely  water  from  an 
adjoining  river. 

He  says  : 

"Examples  of  the  yield  of  large  quantities  of  spring  water  for  many 
years  will  counteract  the  often-expressed  prejudice  that  all  such  works 
yield  nothing  but  filtered  river  water,  especially  as  the  votaries  of  this 
opinion  generally  deny  the  possibility  of  a  natural  filtration  of  river 
water.  The  direction  of  a  current  of  spring  water  into  wells  must  pri- 
marily be  considered,  in  order  to  get  a  clear  idea  of  how  the  wells  are 
fed."*^ 

Then  on  page  314,  he  says  : 

"  Some  borings  put  down  in  the  bed  of  the  Elbe  itself  to  a  depth  of 
23  to  26  ft.  showed  that  the  ground-water  in  these  bore  holes  would  rise 
some  6  ins.  above  the  level  of  the  river.  An  examination  of  the  samples 
of  the  water  taken  from  the  last-named  bore  holes  showed  a  quality  of 
water  which,  like  the  samples  taken  on  the  right  bank,  was  softer  than 
the  Elbe  water  and  of  the  same  constituency  as  that  from  the  bore  holes 
first  named." 

It  is  the  experience  of  every  one  who  has  examined  this  question  of 
subterranean  supply  that  there  is  a  great  distinction  between  water 
from  a  river,  and  water  taken  from  adjoining  subterranean  sources  not 
connected  with  the  river.  A  very  interesting  illustration  of  that  fact 
may  be  seen  at  the  water  works  at  Princeton,  N.  J.  The  water  supply 
there  is  taken  from  the  valley  of  Stony  Creek.  I  drove  a  tube  well  about 
35  ft.  deep  through  the  bed  of  this  creek.  For  several  years  a  stream 
of  water  flowed  freely  and  probably  still  is  flowing  through  this  tube  to 
an  elevation  about  3  ft.  above  the  water  in  the  creek.  The  water  in 
the  creek  is  polluted.  This  water  that  rises  in  the  tube  through  the 
waters  of  Stony  Creek  is  pure  and  clear  and  shows  by  analysis  to  be  a 
diflferent  water  from  the  water  of  the  creek  itself. 

In  Jamestown,  N.  Y. ,  there  is  a  remarkable  subterranean  supply, 
which  is  undoubtedly  obtained  from  higher  lakes  at  a  considerable  dis- 
tance from  the  town.  The  water  rises  in  tube  wells  near  the  town  to 
a  height  of  about  40  ft.  above  the  surface  of  the  ground.     Lake  Chau- 
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tauqua  at  Jamestown  is  lower  than  the  elevation  at  which  that  water 
rises  in  these  tube  wells. 

Long  Island,  N.  Y.,  presents  probably  the  greatest  example  that 
we  have  of  a  subterranean  supjjly  in  the  eastern  part  of  the  United 
States.  Wells  will  flow  at  an  elevation  of  several  feet  above  the  sea 
level.  The  inclination  of  the  ground-water  as  it  rises  from  the  sea  is 
about  9  ins.  in  1  mile.  Water  can  be  obtained  in  large  quantities 
almost  anywhere  on  Long  Island  by  boring  for  it.  The  total  amount 
of  water  supplied  to  the  city  of  Brooklyn  is  in  the  neighborhood  of 
68  000  000  galls,  per  day,  of  which  amount  20  000  000  galls,  are  ob- 
tained from  driven  wells.  All  along  the  island  and  in  the  vicinity 
of  these  city  wells  there  are  other  wells,  which  supply  large  quan- 
tities of  water. 

Perhaps  the  best  illustration  in  the  western  part  of  this  country  of 
a  subterranean  supply,  is  the  city  of  Memphis,  where  they  ai-e  using 
about  10  000  000  galls,  per  day.  The  supply  is  obtained  from  a  stratum 
of  fine  sand  about  700  ft.  thick  commencing  about  200  ft.  below  the 
surface.  Above  the  sand  there  is  a  tight,  impervious  material;  but 
when  that  material  is  tapj)ed,  the  water  rises  to  an  elevation  of  about 
25  ft.  higher  than  the  water  in  the  Mississippi  River  at  Memphis. 
>  A  similar  and  perhaps  the  same  subterranean  stratum  that  supplies 
Memphis  has  recently  been  tajsped  at  Savannah,  Ga. 

This  paper  of  Mr.  Salbach  is  interesting,  not  only  in  the  particu- 
lar to  which  I  have  called  your  attention,  but  in  the  general  discus- 
sion of  the  whole  subject  of  subterranean  water  supply.  There  is 
one  phase  of  the  paper  which  will  be  interesting  to  American  engi- 
neers, which  reads: 

"  The  experience  of  the  year  1892  has  shown  that  great  caution  should 
be  exercised  in  determining  upon  the  actual  amount  of  consumption. 
The  long-continued  drought  of  that  year  caused  an  excessively  large 
use  of  water  and  but  few  water  works  were  in  a  position  to  meet  the 
same.  It  was  found  that  the  maximum  consumption  in  that  year  in 
Dresden  was  over  40  galls,  per  day  per  head  and  the  water  works  had 
to  restrict  the  amount  supplied  to  the  public  fountains,  so  as  to  pro- 
vide for  the  event  that  the  consumption  would  increase  still  further." 

In  view  of  the  fact  that  many  cities  of  this  country  are  using  200 
galls,  per  head  per  day,  and  but  few  are  using  less  than  100  galls.,  it 
is  refreshing  to  learn  that  in  some  jDarts  of  the  world  they  consider  40 
galls,  per  day  per  head  a  maximum  quantity. 
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There  is  one  feature  wliich  I  had  hoped  to  see  mentioned  in 
this  paper  which  has  not  been  incorporated ;  the  author  has  not  shown 
us  how  he  has  obtained  water  from  subterranean  sources.  He  speaks 
of  putting  down  wells,  but  does  not  say  how  he  puts  them  down.  He 
gives  no  idea  of  the  mechanical  appliances  used  to  obtain  water.  The 
natural  way  where  the  water  can  be  obtained  within  a  dej)th  of  not 
exceeding,  say,  50  ft.  from  the  surface  is  to  sink  a  large  open  well. 
But  it  has  been  found  that  a  large  open  well  will  only  yield  a  limited 
supply  of  water.  The  exi^erience  of  Brooklyn  is  that  an  open  well 
50  ft.  in  diameter  and  sunk  into  about  20  ft.  of  water  has  an  extreme 
yield  of  only  about.  1  000  000  galls,  per  day.  This,  of  course,  is  not 
sufficient  to  meet  a  large  consumption,  and  therefore  other  means  of 
obtaining  the  water  are  necessary.  The  most  common  is  to  put  down 
tube  wells  and  to  connect  these  tube  wells  with  the  suction  main. 

For  some  time  the  principle  of  the  ordinary  driven  well  was 
employed;  that  is  the  way  it  is  done  in  Brooklyn.  Two-inch  or  3-inch 
wells  with  screened,  perforated  points  were  driven  down  into  the  water- 
bearing strata,  and  then  suction  was  applied  directly  to  these  tubes. 

Another  method  is  to  sink  a  perforated  casing,  put  a  tube  inside 
and  draw  from  this  interior  tube.  That  is  the  way  more  usually 
employed  now  in  the  collection  of  water;  that  is  the  way  that  it  is 
done  in  Memi^his  and  in  many  other  portions  of  the  country.  It  would 
be  exceedingly  interesting  if  we  were  informed  of  the  methods 
employed  in  Europe  in  the  different  towns  mentioned  in  this  paper. 
The  supplies  that  have  been  obtained  in  the  instances  recorded  in  the 
paper  are  usually  comparatively  small.  Definite  statements  are  not 
made  in  many  cases  as  to  the  amount  of  water  supplied.  Some  data 
are  given,  however.  The  city  of  Bernburg  on  the  Saale  has  a  suj)ply 
of  1  000  000  galls,  per  day.  The  supply  of  Crefeld  on  the  Rhine  is 
stated  as  7  500  000  galls,  per  day.  The  supply  of  Dresden,  of  which 
a  very  interesting  description  is  given,  has  reached  about  12  000  000 
galls,  per  day.  The  number  of  inhabitants  is  about  300  000.  This 
city  recognized  the  fact  that  it  is  dangerously  near  its  limit,  and  it  is 
making  arrangements  for  an  extension  of  the  supply  up  to  22  000  000 
galls,  per  day.  This  is  the  largest  supply  that  Mr.  Salbach  refers  to 
as  being  in  actual  operation.  It  is  stated,  however,  that  arrangements 
are  now  being  made  for  a  sujsply  from  subterranean  sources  for  Vienna, 
the  minimum  yield  of  which  will  be  50  000  000  galls,  per  day,  and  the 
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maximum  100  000  000  galls.  That  is  so  enormously  in  excess  of  any- 
subterranean  supply  that  has  been  obtained  in  this  country  or  else- 
where that  it  would  be  interesting  if  we  knew  the  method  by  which 
they  propose  to  obtain  so  large  a  quantity,  and  what  the  result  is 
likely  to  be,  especially  in  the  surrounding  country,  of  continually  pump- 
ing so  large  a  supply  of  water  from  a  subterranean  source. 

L.  L.  Tkibus,  Assoc.  M.  Am.  Soc.  C.  E.  — Mr.  Brush  has  mentioned 
two  interesting  districts  in  the  South  for  underground  water  supplies, 
viz.,  those  around  Memphis,  Tenn.,  and  Savannah,  Ga.  They  are 
separated  most  completely,  however,  by  the  southern  prolongation  of 
the  eastern  ranges  of  mountains.  The  Savannah  district  being  more 
of  sand,  clay  and  ocean  dejjosits,  while  the  Memphis  district  is  on  the 
edge  of  the  great  silt  deposit  forming  Louisiana,  Mississippi,  southern 
Alabama  and  western  Plorida. 

A  few  years  ago  I  had  occasion  to  examine  various  jDortions  of  this 
latter  area  for  underground  supplies  of  water,  and  was  exceedingly 
interested  in  its  study.  Numerous  driven  wells  have  been  sunk  in 
various  portions  of  the  tract,  with  excellent  success  in  some,  fair  in 
others,  and  complete  failure  in  still  other  parts.  The  water-bearing 
strata  were  found  at  depths  ranging  from  50  to  1  000  ft. 

In  boring  these  wells  but  little  is  encountered  except  alternating 
layers  of  vari-colored  clays,  sand,  silt,  fine  gravel,  and  occasionally  a 
thin  layer  of  hard  pan — a  few  of  the  clay  strata  being  quite  thick, 
from  10  to  50  or  more  feet,  of  a  dark  blue  color  and  a  fine  texture, 
almost  free  from  grit. 

In  the  western  portion  of  the  tract  silt  predominates,  being  the 
detritus  carried  down  by  the  Mississippi  River  from  the  alluvial  plains 
of  the  north  and  west,  while  the  eastern  jjortion  is  composed  more  of 
sand,  coming  from  the  nearer  mountain  ranges,  and,  owing  to  its  shorter 
water  carriage,  is  less  ground  up. 

Western  Florida  seems  to  be  an  ideal  locality  for  the  driven  well — 
largely  of  this  sand  and  gravel  deposit,  with  little  silt  or  vegefeible 
matter  in  its  make  up,  and  the  mountains  of  northern  Alabama  and 
Tennessee  to  catch  the  rains  and  start  the  waters  southward  to  the 
Gulf  of  Mexico.  For  an  area  of  about  100  sq.  miles  in  this  western 
end  of  Florida,  the  water  flows  freely  when  these  gravel  strata  are 
tapped  at  depths  ranging  from  50  to  300  ft.,  is  of  excellent  soft  quality 
and  about  70°  in  temperature.      I  cannot  say  but  that  greater  depths 
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would  have  given  increased  flow,  but  those  mentioned  gave  sufficient 
satisfaction,  with  moderate  expense  in  driving. 

About  10  or  15  miles  out  from  the  Florida  shore  in  the  Gulf  of 
Mexico,  and  for  a  stretch  of  about  100  miles  or  so,  there  have  been 
frequently  noted  vast  springs  of  fresh  water  boiling  up,  from  a  depth 
of  from  100  to  300  or  more  feet.  This  fact,  with  that  of  a  rise  and  fall 
of  tide  of  about  12  or  15  ins.,  only  once  a  day,  should  be  noted. 

Back  about  Ij  miles  from  the  shore  front  in  the  city  of  Pensacola, 
were  driven,  some  seven  years  ago,  a  series  of  4:-in.  and  6-in.  pipe  wells 
to  depths  from  60  to  280  ft. ,  at  a  point  where  the  ground  elevation  was 
about  20  ft.  above  tide  level.  Water  rises  in  these  wells  to  within  3  or 
4  ft.  of  the  surface  of  the  ground,  or  to  16  or  17  ft.  above  tide  level, 
and  they  furnish  with  direct  suction  from  50  000  to  150  000  galls,  per 
day  each,  yielding  a  total  at  that  time  (1886)  of  from  1  500  000  to 
2  000  000  galls,  per  day. 

These  wells,  though  flowing  at  this  hei  ght  above  tide,  rise  and  fall 
from  6  to  10  ins.  daily,  ajjparently  with  the  tide.  This  looks  de- 
cidedly as  if  they  have  direct  free  communication  with  salt  water  and 
are  merely  tapping  the  underground  rivers  which  supply  the  great 
Gulf  springs  miles  away. 

All  along  this  portion  of  the  Gulf  Coast  numerous  fresh-water 
springs  are  found  on  the  beach  just  above  high  water-mark. 

The  strata  from  which  the  Pensacola  water  is  drawn  are  almost 
entirely  a  white  gravel  mixed  with  fine  white  sand  and  overlaid  with 
beds  of  a  very  hard  bltie  clay,  but  there  are  many  small  layers  of 
various  kinds  of  clay  and  colored  sands  encountered  in  the  borings. 

To  the  eastward  of  this  "sand,"  as  distinguished  from  the  western 
"silt,"  basin,  which  by  the  way  is  very  deficient  of  good  potable 
underground  waters,  the  character  of  soil  changes  and  soon  reaches 
the  limestone,  cavernous  spurs  of  the  mountains,  which  run  out 
beneath  the  surface  in  the  i^eninsula  of  Florida. 

This  locality,  furnishing  abundant  supplies  of  water,  often  under 
considerable  pressure,  for  instance,  St.  Augustine  and  Jacksonville, 
might  be  called  the  "  artesian  "  as  compared  with  the  "  driven  well" 
district  to  the  westward.  But  these  waters  are  universally  impreg- 
nated strongly  with  carbonates  and  sulphur,  and  are  therefore  unsatis- 
factory for  domestic  use. 

Following  the  Atlantic  Coast  northward  the  sand  deposits  are  again 
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reached,    yielding  good  potable  waters,   as    evidenced  at    Savannah, 
Charleston,  etc.,  as  before  mentioned. 

These  items  can  scarcely  be  considered  so  much  discussion  of  Mr. 
Salbach's  paper  as  additional  notes  on  the  general  topic  of  under- 
ground supplies,  from  the  experience  of  another  observer. 

D.  J.  Whittemoke,  Past  President  Am.  Soc.  C.  E. — Mr.  President, 
I  regret  very  much  that  there  has  not  been  some  paper  upon  the  arte- 
sian features  of  our  country.  Allusion  has  been  made  to  the  southern 
portion  of  the  country — I  wish  to  call  the  attention  of  the  members  to 
the  artesian  features  of  Dakota.  Take  from  Yankton,  north,  or  the 
James  River  Valley  throughout  almost  its  entire  length,  and  boring 
almost  anywhere  in  that  valley  and  close  up  to  the  coteaus  on  the  other 
side,  the  valley  is  about  30  to  50  miles  wide,  an  immense  flow  of  water 
is  struck;  and  so  far  as  my  own  knowledge  extends,  the  static  pressure 
is  about  50  lbs.  per  square  inch.  Those  who  know  the  features  of  the 
country,  how  subject  it  is  to  drought,  can  appreciate  something  of  the 
value  of  an  artesian  supply.  I  trust  that  some  member,  at  our  next 
convention,  will  take  up  this  matter  of  artesian  supplies  in  this  country 
and  give  a  paper  on  the  subject. 

D.  W.  Mead,  Assoc.  Am.  Soc.  C.  E. — This  paper  by  Mr.  Salbach  is 
of  particular  value  to  American  water- works  engineers  on  account  of  the 
wide  interest  which  has  lately  been  taken  in  subterranean  supplies  in 
this  country. 

In  the  United  States,  as  in  other  countries,  the  most  obvious 
sources,  the  surface  waters,  were  the  ones  first  utilized.  With  the  in- 
crease of  poj)ulation  these,  in  many  instances,  have  become  so  polluted 
as  to  render  them  unfit  for  use,  and  many  cities  are  therefore  seeking 
new  supplies.  Where  the  pollution  is  not  a  present  reality,  but  a  near 
future  possibility,  the  resulting  dangers,  as  illustrated  by  the  Ply- 
mouth, Pa.,  epidemic,  bears  such  important  relation  to  the  public 
health  as  to  render  a  change  to  a  source  free  from  jjossible  danger 
greatly  to  be  desired.  In  new  work,  where  it  is  possible  to  secure  a 
source  beyond  the  possibility  of  pollution,  or  at  least  where  the  possi- 
bility of  pollution  is  very  remote,  the  selection  of  such  a  source  is  only 
a  reasonable  and  necessary  precaution  for  the  preservation  of  the 
public  health. 

Subterranean  supplies  demand  for  their  proper  consideration  and 
development  a  general  and  local  geological  knowledge;  for  only  with 
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such  knowledge  can  the  possibility  or  probability  of  the  existence  of 
such  supplies  in  any  locality  be  determined. 

They  may  in  general  be  considered  as  derived  from  one  of  three 
sources — 

First. — From  the  underlying  stratified  rock  deposits. 

Second.— Fvom.  the  drift  sheet. 

Third. — ^From  the  fluvial  and  lacustral  deposits  in  river  and  lake 
valleys. 

1st.  The  stratified  rocks  being,  as  a  rule,  laid  down  in  ancient  seas 
or  lakes,  their  water-bearing  strata  are  comparatively  extensive,  and 
the  water  exists,  not  usually  in  the  form  of  underground  streams,  but 
more  like  extended  underground  lakes  as  extensive  as  the  water-bear- 
ing deposit  itself,  and  having  a  current  usually  in  the  direction  of  the 
dip  of  the  strata.  In  some  of  the  less  porous  strata,  however,  such  as 
the  archean  rocks  and  the  limestones,  the  contained  water  is  held,  not 
BO  much  in  the  mass  of  the  rock  itself,  as  in  cracks  and  fissures.  The 
flow  of  water  through  these  cracks  and  fissures  sometimes  results, 
especially  in  soluble  limestone  rocks,  in  the  formation  of  caverns 
through  which  the  waters  undoubtedly  flow  as  streams.  This  is  not 
common,  however,  and  the  ordinary  idea  of  underground  streams  is 
largely  erroneous.  The  water  in  these  strata  is  received  from  the  rain- 
fall and  flow  of  streams  at  and  over  its  outcrop,  and  flows  thence  toward 
the  sea,  frequently  reaching  the  surface,  naturally  through  fissures  in 
the  overlying  rocks,  as  springs,  or  artificially  through  bore  holes  as 
artesian  wells.  The  outward  pressure  and  dejjth  of  these  waters  are 
often  so  great  as  to  preclude  the  possibility  of  any  pollution  before 
reaching  the  outlet,  and  if  properly  cared  for  at  the  surface,  they  are 
organically  the  purest  of  all  waters,  although  frequently  highly  mineral- 
ized. Such  water-bearing  strata  are  found  in  the  upper  Mississij^pi 
Valley,  in  the  Potsdam  and  St.  Peter  sandstones,  from  which  numerous 
private  and  public  supplies  are  obtained,  many  wells  being  drilled  into 
the  latter,  and  a  few  into  the  former,  in  and  about  the  city  of  Chicago 
at  depths  ranging  from  700  to  2  700  ft.  In  the  Dakotas  and  northern 
Nebraska,  similar  supplies  are  encountered  in  the  Dakota  sandstone  at 
similar  depths,  while  the  cretaceous  deposits  furnish  the  source 
from  which  Memphis,  Tenn. ,  is  supplied,  and  from  which  many  wells 
along  the  Atlantic  coast  are  derived.  Other  similar  sources  exist,  some 
utilized,  and  some  unutilized,  in  various  parts  of  the  United  States. 
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2d.  The  drift  sheet  which  extends  over  the  northern  third  of  the 
United  States  and  over  the  greater  part  of  British  America,  is  a  deposit 
so  irregular  in  formation  that  a  careful  study  of  its  origin  and  method 
of  deposition  is  necessary  for  a  thorough  understanding  of  its  possible 
value  as  a  source  of  supply.  This  deposit  is  the  result  of  ice  and  water 
action,  and  in  many  cases  contains  water-bearing  sands  and  gravels, 
sometimes  of  vast  extent.  They  are,  however,  commonly  more  local 
in  character  than  in  the  case  of  the  stratified  rock  deposits  previously 
considered. 

The  contained  waters,  therefore,  are  in  this  case  more  of  the  char- 
acter of  underground  streams,  and  vary  largely  in  breadth  and  depth, 
following  the  sands  and  gravels  of  ancient  glacial  flood  deposits.  Often 
they  occur  in  seemingly  isolated  streaks  and  veins  in  thin  or  narrow 
deposits  of  sand  or  gravel,  surrounded  by  the  glacial  clays,  in  which 
cases  adjacent  wells  may  differ  greatly  in  depth  and  entirely  in  the  im- 
mediate source  from  which  their  waters  are  derived.  The  general 
direction  of  flow  is,  as  a  rule,  in  the  direction  of  the  glacial  motion, 
which  caused  the  deposits.  Supplies  from  this  source,  especially 
when  near  the  surface,  require  careful  observation,  to  determine  their 
source,  character,  amount  and  liability  to  local  pollution.  In  many 
cases,  however,  the  deeper  waters  from  the  drift  are  organically  almost 
as  pure  as  the  waters  of  the  lower  stratified  rocks,  and  often  contain 
much  less  mineral  matter.  The  drift  formation  varies  from  nothing  to 
a  maximum  depth  of  perhaps  400  ft.  From  this  source  are  derived  most 
of  the  common  wells  in  the  northern  States,  and  many  of  the  municipal 
supplies. 

i  3d.  The  stratified  deposits  in  old  lake  and  river  valleys  which  have 
been  filled  to  some  extent  above  the  bed  of  the  ancient  stream  or  lake, 
offer  sources  more  or  less  extensive.  From  such  sources  are  derived 
the  water  supply  of  Peoria,  111.,  and  the  numerous  artesian  wells 
in  the  Red  River  Valley  in  Minnesota.  A  table  submitted  herewith 
gives  some  data  concerning  some  of  the  larger  cities  and  towns  of  the 
United  States  having  underground  sources  of  water  supply. 

The  liability  of  wells  or  galleries  adjacent  to  streams  to  receive 
water  by  infiltration  from  the  streams  varies  -ndth  the  nature  of  the 
deposits  through  which  the  stream  flows.  Within  the  drift  belt  the 
rivers,  as  a  rule,  carry  so  much  silt  that  any  outflow  is  at  once  checked 

,  by  the  silting  of  the  pores  in  its  bed.     The  tendency,  when  the  adja- 


Some  op  the  Largeb  Cities  and  Towns  op  the  United  States  Having  Subterranean  Sources  of  Water  Supply. 


Anniston 

Appleton I  Wisconsin . . 

ABron phio 

Atlantic  City New  Jersey. 

Aurora jlUinois  .... 

Beloit 'Wisconsin.. 

B:ipid8 Michigan. , 


Brooklyn  . 

Brunswick 

Cedar  Rapids. . . 

Cbarlestown... 

Cliuton 

Columbus 

Dayton 

Des  Moines 

Dixon 

Dubuque 

Fond  du  Lac  . , 

Freeport 

Fresno 

Galena 

Gales  burg 

Grand  Island. .. 
.lamestown  .... 

Jackson 

Joliet 

Jacksonville  . . . 

Kearney 

Kalamazoo 

Lincoln  

Macon 

Memphis 

Manstield 

Montgomery.. . 
Michigan  City 

Muncie 

Manistee 

New  Brighton.. 

Nashville 

Oshkosh 

Peoria 

Pine  Bluff 

Pensacola 

Pittsburgh 

Kockford 

Savannah 

Stockton 

Selma    

South  Bend  ... 

Springfield 

Sioux  City 

Winona 


New  York . 
Georgia 

Iowa 


South  Carolina. 

Iowa 

Ohio 

Ohio 


Iowa 

Illinois  .... 

Iowa 

Wisconsin. 

Illinois 

California.. 

Illinois 

Illinois 

Nebraska.. 
New  York.. 
Michigan  . . 

Illinois 

Florida 

Nebraska.. 
Michigan. . 
Nebraska. . , 

Georgia  

Tennessee.. 

Ohio 

Alabama . . . 
ludiana . .. . 

Indiana 

Michigan. . 
New  York. . 
Tennessee  . 
Wisconsin. . 

Illinois  

Arkansas. . , 
Florida  .... 

Kansas 

Illinois 

Georgia 

California. . 
Alabama... 

Indiana 

Illinois 

Iowa 

Minnesota 


Population. 
Ib90. 


315 

303 
313 
459 


)  000 
I  619 
I  150 
.  220 
1  093 
i  161 
I  311 
I  024 
I  189 
)  818 
)  635 
>  264 
r  536 
i  038 
)  793 
i  264 
!  201 
i  074 
■  853 
1  OUO 
I  746 
:  495 
i  473 

883 
I  776 

345 

812 
1  423 
i  168 
1  836 

024 
I  952 
.  750 
I  697 
I  584 
I  186 
[  424 
?  622 
I  819 
t  963 
i  000 
i208 


Springs 

3  artesian  wells 

Artesian  wells 

Large  well 

2  artesian  wells 

Large  well 

Drive  wells 

Drive  wells 

Artesian  wells 

Artesian  wells 

3  artesian  wells 

4  artesian  wells 

Filter  gallery 

65  8in.  tube  wells 

Large  well 

2  artesian  wells 

Artesian  wells 

5  artesian  wells 

18  drive  wells 

10  Artesian  wells 

Artesian  wells 

Drive  wells 

Drive  wells 

Artesian  weUs 

Artesian  wells 

Drive  and  artesian  wells.. 

4  artesian  wells 

Drive  wells 

2  large  wells 

2  large  wells 

Springs 

Artesian  wells 

16  wells,  2  springs 

Artesian  wells 

Springs 

Artesian  wells 

50  drive  wells,  1  large  well 

76  drive  wells 

Underflow 

.Artesian  well 

Large  well 

Orive  weUs 

16  drive  wells 

Artesian  wells 

9  artesian  wells 

Artesian  wells 

Artesian  well 

3  artesian  wells 

32  artesian  wells 

Well  and  filter  gallery 

Drive  wells 

2  large  wells 


Geological  Soubce. 


St.  Peter  sandstone. 


From  St.  Peter  and  Potsdam  sandstone. 
From  Trenton  rock. 
From  drift. 
From  drift. 

1  From  Pottsdam  Sandstone. 
I  River  for  fire  service. 

From  Potsdam  and  St.  Peter  sandstone. 
From  drift. 
From  drift. 

From  Potsdam  sandstone. 

From  Potsdam  sandstone. 

From  St.  Peter  sandstone  and  drift. 

Prom  drift. 

200  to  600  ft.  deep. 

From  Potsdam  sandstone. 

From  drift. 

Platte  River  Valley. 


From  drift  and  St.  Peter  sandstone. 
From  cretaceous  strata. 
Platte  Kiver  VaUey. 
From  drift. 
From  drift. 


From  drift. 

From  drift. 

From  drift. 

Cumberland  River,  from  filter  gallery. 

Lake  Winnebago,  lor  fire  protection. 

From  gravel  in  ancient  bed  Illinois  River. 


From  Potsdam  and  St.  Peter  sandstone. 


From  drift. 
From  drift. 


MisBissippi  underflow. 
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cent  gronnd- water  is  low,  is  for  the  water  of  the  stream  to  flow  into  the 
ground,  and  the  reverse  when  the  ground- water  is  high.  This  has  un- 
doubtedly resulted  in  making  the  beds  of  streams  within  the  drift  area 
practically  impervious,  and  little  i^ermanent  infiltration  can  be  expected 
into  wells  or  filter  galleries  from  such  sources.  From  this  condition 
has  resulted  the  failure  of  such  wells  and  galleries  as  have  been 
3unk  near  streams,  with  the  expectation  of  obtaining  filtered  river 
water. 

Outside  of  the  drift  area,  however,  the  streams  are  often  more  free 
from  silt,  and  flow  in  beds  of  sand.  In  such  cases  the  visible  stream  is 
but  a  i:)ortion  of  the  invisible  stream,  flowing  under  and  on  both  sides 
parallel  to  it.  Such  a  stream  is  the  Platte  River  of  Colorado  and 
Nebraska,  and  during  dry  weather,  when  the  visible  Platte  shrinks 
to  little  or  nothing,  water  can  be  obtained  by  digging  into  its  sandy 
bed.  It  is,  of  course,  obvious  that  a  filter  gallery  or  well  near  such  a 
stream  will  receive  water  filtered  through  the  adjacent  banks.  Nash- 
ville, Tenn.,  obtains  its  supply  from  a  filter  gallery  in  a  sandy  island 
in  the  Cumberland  Eiver. 

The  seepage  of  water  into  and  from  the  adjoining  ground  is  shown 
in  a  series  of  gaugings  of  the  South  Platte  River,  in  Colorado,  a 
record  of  which  from  the  report  of  the  State  Engineer  is  submitted 
on  page  700. 

The  dependence  or  independence  of  a  supply  on  the  conditions  of 
rainfall  on  its  water-shed  depends  entirely  on  the  nature  and  extent  of 
such  water-shed.  Where  the  water-shed  is  extended  and  abounds  in 
lakes,  swamps  and  rivers,  little  or  no  change  will  be  noticed  at  different 
seasons.  The  Potsdam  sandstone,  for  example,  has  an  outcrop  in  the 
upper  Mississippi  valley  of  about  14  000  sq.  miles,  over  which  flow 
numerous  rivers.  Hence  supplies  derived  from  this  source  feel  com- 
paratively little  influence  of  temporary  conditions  of  rainfall.  On 
the  other  hand,  with  limited  water-shed  the  influence  is  immediate;  as 
an  example  of  this  may  be  mentioned  the  artesian  wells  at  Denver, 
Colo.  Mr.  Wadsworth,  of  Arvada,  Colo. ,  says  of  these  wells  (see  Pre- 
liminary Report  of  Artesian  "Well  Investigation,  Department  of  Agri- 
culture, 1890,  page  180):  "  Our  artesian  wells  come  and  go  with  the 
seasons.  When  the  little  streams  in  the  foothills  are  pouring  their 
contents  into  the  loose  rocks  *  *  *  artesian  wells  in  Denver  and 
vicinity  work  all  right;  but  when  the  streams  fail  in  the  foothills,  some 
of  the  wells  cease  to  flow." 
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B.  SAiiBACH. — In  writing  this  paper  it  was  not  my  intention  to 
give  a  teclinical  description  of  tlie  mechanical  appliances  used  for 
obtaining  potable  water  from  subterranean  sources,  but  only  to  show 
and  explain  the  existence  of  underground  sources  and  their  subter- 
ranean courses.  The  different  methods  employed  for  obtaining  the 
water  from  these  sources  depend  on  the  geological  formation  and  the 
extent  of  the  subterranean  water-bearing  strata.  In  the  case  of  thin 
and  small  pervious  strata  horizontal  collecting  galleries  are  used,  while 
larger  masses  of  gravel  and  debris  filling  the  subterranean  valleys  are 
opened  for  supply  by  putting  down  wells.  Where  the  water-bearing 
soil  shows  a  very  compact  stratification,  it  is  advisable  to  put  down  a 
great  number  of  wells  of  small  diameter — 150  to  200mm.  (6  to  8  ins.), 
while  a  loose  and  very  pervious  character  of  the  subterranean  strata 
calls  for  wells  of  larger  diameter — 5  to  7  m.  (16  to  23  ft.). 

On  this  subject,  as  well  as  the  results  attained  in  the  new  water- 
works of  the  cities  of  Vienna  and  Dresden,  there  are  publications  to  be 
found  in  technical  journals.  In  the  meantime  I  am  gratified  to  find 
that  my  paper  has  given  rise  to  so  instructive  a  discussion. 
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PURIFICATION  OF  SEWAGE  AND  OF  WATER  BY 
FILTRATION.— DISCUSSION   ON  PAPER 

No.  650.* 


By  Edwaed  Flad,  AiiiEN  Hazen,  Rudolph  Heking,  Thos.  M.  Drown, 
G.  H.  Benzenbekg,  Robert  Moore  and  E.  C.  Jordan. 


Edward  Flad,  M.  Am.  See.  C.  E. — I  would  like  to  ask  a  question 
in  connection  with  the  paper  of  Mr.  Mills  on  jDurification  of  sewage.  I 
presume  Mr.  Hazen  can  set  me  right.  Some  months  ago,  I  had  occa- 
sion to  look  over  these  reports.  In  the  reports  covering  the  purifica- 
tion of  sewage  through  gravel  beds,  I  found  that  at  the  end  of  the  third 
year  the  gravel  was  unchanged,  and  that  they  succeeded  in  filtering 
about  100  000  galls,  per  acre  in  24  hours.  It  was  stated  that  filtration 
could  be  carried  on  for  an  indefinite  period  without  the  necessity  of 
cleaning  the  gravel.  I  went  on,  and  the  next  year,  I  think  the  fourth 
year  of  the  experiments,  the  gravel  bed  was  found  to  be  slimy,  and  it 
was  evident  that  it  would  be  necessary  to  remove  a  portion  of  the 
gravel.  My  reading  of  those  reports  does  not  quite  agree  with  the 
extracts  from  Mr.  Mills'  paper. 

AiiUEN  Hazen,  Assoc.  Am.  Soc.  C.  E. — The  paper  states  that  there 
is  a  certain  small  percentage  of  nitrogenous  matter  in  sewage  which  is 

♦••Purification  of  Sewage  and  of  Water  by  Filtration,"  By  Hiram  F.  Mills,  A.  M.,  C.  E. 
Transactions,  Vol.  XXX,  page  350. 
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stored  in  sand  in  any  case;  Mr.  Mills  gives  it  as  15°;^  of  the  total 
amount.  In  the  case  of  sand,  this  is  stored  in  the  surface  layer  where 
it  can  be  seen,  but  in  the  case  of  large  gravel  stones  the  movement  of 
the  sewage  over  the  stones  carries  this  material  below  the  surface  to  a 
point  where  the  current  is  so  slow  that  it  has  a  chance  to  deposit  itself 
upon  the  stones.  There  is  no  surface  indication  of  what  has  accumu- 
lated. At  the  end  of  a  certain  time  this  material  had  accumulated  to 
such  an  extent  that  it  prevented  the  circulation  of  air  through  the 
slime;  oxidation  was  prevented,  and  we  got  simply  a  straining. 

Mr.  FtjAT). — I  would  like  to  have  an  explanation  in  regard  to  the 
direct  statement  which  was  made  at  the  end  of  the  third  year,  that  the 
gravel  could  be  used  indefinitely  for  a  number  of  years,  while  I  thought 
that  a  directly  contrary  statement  was  made  in  the  next  report,  and  I 
was  much  disappointed.     I  would  like  to  know  what  the  final  result  is. 

Mr.  Hazen. — The  result  ?  At  the  end  of  the  time  that  you  mention 
there  was  no  appearance  of  clogging;  the  material,  so  far  as  we 
could  get  at  it,  was  entirely  clean;  we  did  not  know  of  the  accumu- 
lation below  the  surface. 

Mr.  FiiAD. — The  extracts  which  were  read  a  few  minutes  ago  from 
Mr.  Mills'  paper  did  not  refer  to  any  such  clogging.  Upon  referring, 
however,  to  his  paper,  which  I  had  not  previously  had  an  opportunity 
of  reading,  I  see  that  he  fully  explains  the  matter.  The  fact  that  the 
conclusions  at  the  end  of  the  fourth  year  should  directly  contradict 
those  given  out  the  year  before  is  somewhat  discouraging,  and  natur- 
ally gives  rise  to  a  doubt  as  to  how  far  the  present  conclusions,  as  to 
the  capacity  and  life  of  filter  beds,  may  be  depended  upon. 

RxJDOLPH  Hering,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would  like 
to  state,  in  answer  to  the  gentleman  who  asked  a  few  questions,  that 
on  page  355,  the  paragraph  beginning  the  8th  line  from  the  bottom  gives 
the  answer  to  one  of  them. 

"  With  the  material  best  adapted  to  the  purification  of  large  quan- 
tities of  sewage  there  is  a  deposit  of  nitrogenous  matter  in  the  upper 
layers  amounting  to  about  15%"  of  all  of  this  kind  of  matter  apjilied  in 
the  sewage.  The  other  85%  is  oxidized  and  passes  oflf  in  solution  as 
nitrates  in  the  effluent.  The  effect  of  this  dej^osit  on  and  near  the  sur- 
face is  to  decrease  the  air  space  between  the  grains  of  sand  and  increase 
the  amount  of  water  continually  held  by  these  layers,  thus  in  time 
preventing  sufficient  change  of  air  in  the  layers  beneath.  Continued 
efficient  action  may  be  had  by  frequently  raking  over  the  surface  to  the 
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depth  of  1  in. ;  but  there  comes  a  time  when  the  upper  inch  should  be 
removed  and  replaced  by  clean  sand. " 

This  removal  seems  to  be  required  under  the  best  conditions. 
"Where  the  sand  is  not  so  perfectly  adapted  as  in  this  case,  the  upper 
layer  would  have  to  be  more  frequently  removed. 

I  would  like  to  add  that  I  consider  this  paper  as  being  one  of  the 
most  important  that  has  been  prepared  on  the  subject,  as  it  presents, 
I  bslieve,  for  the  first  time  to  an  engineering  society,  the  results  gained 
from  these  valuable  experiments.  Formerly,  it  was  supposed  that  the 
purification  of  sewage  was  accomplished  mainly  by  vegetation,  i.  e. ,  by 
plants  which  were  supposed  to  extract  the  organic  matter  from  the 
sewage,  and  thus  purify  the  water.  It  has,  however,  been  demon- 
strated by  the  experiments  of  the  State  Board  of  Health  of  Massachu- 
setts that  this  is  not  the  case,  to  any  great  extent,  but  that  we  must 
look  for  the  purification  to  other  means,  namely,  to  pure,  clean  sand 
without  any  organic  matter  in  it.  The  paper  explains  why,  and  the  full 
reports  of  the  Board  furnish  the  i^roof.  I  think  a  marked  jorogress  has 
herewith  been  made  on  the  subject.  We  still  hear  it  said,  mainly  in 
Europe,  that  we  must  utilize  the  sewage  in  order  to  proj)erly  dispose  of 
it.  But  that  is  not  the  true  way  to  look  at  the  question;  we  must 
jyurify  it,  and  when  we  have  done  this  we  may  incidentally  look  to  some 
utilization,  but  should  not  consider  it  the  first  point  to  be  aimed  at. 
I  was  in  hoi^es  that  we  might  hear  from  the  author  also  something  on 
the  subject  of  the  jjurification  of  sewage  by  dilution,  as  it  is  customary 
in  nearly  all  of  our  large  cities  to  dispose  of  the  sewage  by  introducing 
it  into  a  large  body  of  water.  It  has  been  stated  in  England  that  sew- 
age will  purify  itself  by  flowing  a  certain  distance  in  a  large  stream. 
Some  years  ago  I  made  a  careful  investigation  of  this  subject,  but  failed 
to  find  any  definite  or  reliable  information.  It  seemed  to  me  that  what 
was  thought  to  be  purification  was  merely  a  greater  dilution  of  the 
sewage  by  the  added  quantities  of  water  entering  the  stream  fur- 
ther down.  My  examinations  of  several  American  and  Eurojaean  rivers 
showed  that  the  quantity  of  albuminoid  ammonia  contained  in  the 
water  was  almost  in  proportion  to  the  quantity  of  pure  water  that  was 
added  to  the  river.  There  appeared  to  be,  however,  a  slight  actual 
purification,  probably  due  to  the  bacteria  that  are  always  present  in 
river  water.  For  all  practical  purposes  this  purification  seems  insig- 
nificant; vet,  I  would  like   to    see  some  board   or  some  corporation 
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make  the  necessary  experiments  to  throw  further  light  on  the  subject 
of  sewage  dilution. 

There  is  another  important  question  which  appertains  to  the  gen- 
eral subject,  namely,  the  purification  by  the  addition  of  chemicals.  We 
have  at  the  World's  Fair  a  plant  which  receives  all  the  sewage  from  the 
grounds,  about  2  000  000  galls,  a  day,  I  believe.  This  quantity  is  re- 
ceived and  delivered  into  several  tanks,  where  it  receives  certain  chem- 
icals, which  i^recipitate  the  suspended  matter,  the  effluent  water 
running  off  into  the  lake.  The  general  system  of  precipitation  was 
first  introduced  in  England  and  since  then  has  been  introduced  in 
several  cities  of  Europe,  and  also  in  our  country.  The  particular 
appliances  used  here  are  of  German  invention.  I  was  a  little  surprised 
to  learn  of  the  present  result.  It  seems  that  occasionally  the  number 
of  bacteria  has  been  increased,  and  that  the  addition  of  the  chemicals 
does  not  remove  much  more  than  one-half  of  the  organic  matter 
contained  in  the  sewage.  Most  of  the  suspended  matter  is  removed, 
but  the  organic  matter  held  in  solution,  which  is  of  course  just  as 
objectionable,  seems  to  be  left  in  it. 

Mr.  Hazen. — In  regard  to  the  treatment  of  sewage  at  the  World's  Fair, 
I  would  say  that  the  quantity  of  sewage  is  from  2  000  000  to  3  000  000 
galls,  per  day,  and  under  favorable  conditions  we  are  removing  60 JV  of 
the  organic  matters  of  the  sewage ;  at  other  times  when  the  flow  is  exces- 
sively irregular,  owing  to  the  action  of  the  Shone  ejectors,  the  percent- 
age is  sometimes  reduced  even  below  50  per  cent.  The  removed  matters 
consist  of  suspended  insoluble  matters;  hardly  any  of  the  soluble  mat- 
ters are  precipitated.  In  regard  to  which  of  the  two  forms  is  most  ob- 
jectionable :  We  have  one  problem  where  a  nuisance  is  caused  by 
sewage  forming  deposits  which  decompose  and  give  off  offensive  odors, 
as  in  the  Chicago  and  Milwaukee  rivers.  We  have  another  problem 
which  is  entirely  different,  and  which  must  be  reached  in  different  ways, 
where  sewage  is  running  into  drinking  water,  causing  disease.  Where 
it  is  a  question  of  forming  deposits,  and  producing  bad  odors;  then 
removing  the  suspended  matters  from  the  sewage  will  reduce  those 
dangers  I  think  much  more  than  the  total  reduction  of  organic 
matters. 

Dr.  Thos.  M.  Dkown. — It  is  not  fair,  I  think,  to  say  that  the  state- 
ments in  the  recent  reports  of  the  Massachusetts  State  Board  of  Health 
contradict  the  statements  made  in  the  previous  reports  with  regard  to 
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the  capacity  of  soils  for  the  purification  of  sewage.  Each  year's  work 
adds  to  our  knowledge  of  the  subject,  and  gives  us  information  that  can 
only  be  obtained  by  additional  years'  experience  with  the  filters.  The 
experience  of  two  years  suggested  the  probability  of  the  indefinite  use 
of  a  filter  for  the  purification  of  sewage,  without  the  renewal  of  any  of 
the  sand.  Additional  experience  shows  us  that  with  high  rates 
of  application  of  sewage  the  accumulation  of  fine  sludge  may  shut  out 
the  air  more  or  less  completely  from  the  filter,  and  retard  or  prevent 
oxidation.  The  remedy  in  such  case  may  be  smaller  applications  of 
sewage,  a  period  of  rest,  or  the  removal  and  replacement  of  the  surface 
layer  of  sand.  On  the  large  scale,  with  ample  areas,  which  permit  the 
frequent  resting  of  the  beds,  it  would  probably  never  be  necessary  to 
remove  the  surface  sand. 

With  regard  to  the  question  whether  a  sewage  disposal  area  could 
be  made  to  purify  an  amount  of  sewage  equal  to  the  amounts  indicated 
in  the  Lawrence  experiments,  I  would  say  that  they  could  if  they  were 
conducted  with  equal  care  and  judgment.  But  this  is  not  to  be  ex- 
pected on  the  large  scale.  In  the  forthcoming  report  of  the  Board  this 
point  receives  due  consideration,  and  it  is  said  that  in  regular  practice 
we  cannot  expect  the  jjrocess  of  sewage  purification  to  be  carried  on 
with  the  scientific  supervision  which  is  given  to  the  experimental 
filters  at  Lawrence. 

It  must  be  borne  in  mind  that  the  Lawrence  work  is  jsurely  experi- 
mental. We  are  studying  the  problem  on  a  large  scale  by  laboratory 
methods,  and  with  the  highest  scientific  precision,  in  order  that  we 
may  learn  the  nature  of  the  process  and  determine  its  applicability 
under  varying  conditions  to  the  purification  of  sewage  on  a  large  scale. 

G.  H.  Benzenbekg,  M.  Am.  Soc.  C.  E. — It  seems  to  me  that  the  experi- 
ments which  have  been  made  at  Lawrence  by  the  State  Board  of 
Health  do  determine  that  sewage  can  be  purified  by  the  processes  of 
intermittent  filtration.  If  a  plant  is  designed  with  that  view  of  dis- 
posing of  the  sewage,  the  engineer  must  be  careful  not  to  admit  the 
sewage  too  fast  upon  the  filtration  beds,  thereby  clogging  the  action 
of  Nature,  but  must  make  allowance  for  a  sufficient  surface  of  filtering 
beds  to  permit  Nature  to  do  its  work  in  an  easy  way,  without  clogging 
or  obstructing.  At  Lawrence,  undoubtedly,  the  experimental  corps 
have  been  able  to  obtain  larger  results  than  would  be  obtained  under 
ordinary  conditions.     It  seems  to  me  it  would  not  be  wise  to  follow 
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the  proportions  that  have  been  used  at  Lawrence,  but  to  allow  a  larger 
filtration  area  of  sand  when  considering  the  question  of  the  disposal  of 
sewage  by  a  filtering  plant.  Those  experiments  seem  to  demonstrate 
that  the  work  can  be  done  in  that  manner,  as  it  will  be  done  every- 
where by  the  forces  of  Nature,  if  the  danger  of  clogging  or  overcharg- 
ing the  areas  is  not  allowed. 

EoBEKX  Moore,  M.  Am.  Soc.  C.  E. — I  cannot  refrain  from  adding 
my  testimony  of  appreciation  to  the  extraordinary  value  of  the  experi- 
ments, the  results  of  which  are  recorded  in  the  paper  by  Mr.  Mills.  I 
think  there  is  no  question  but  that  the  experiments  here  recorded, 
made  under  the  auspices  of  the  Massachusetts  State  Board  of  Health, 
exceed  in  value  all  that  have  been  made  before  anywhere.  They  have 
advanced  our  knowledge  from  uncertainty  and  doubt  to  a  condition 
of  positive  certainty.  The  value  of  these  researches  is  increasing  every 
day.  A  large  number  of  towns  in  our  country  are  finding  it  necessary 
to  take  steps  to  purify,  not  only  their  sewage,  but  their  water  sup- 
ply, and  the  knowledge  gained  by  these  researches  of  the  different 
methods  in  which  this  can  be  done  places  the  whole  country  in 
debt.  I  cannot,  moreover,  help  feeling  a  sense  of  regret  that  these 
researches  had  not  been  made  somewhat  earlier,  or  if  not,  that  the 
steps  which  the  city  of  Chicago  is  now  taking  to  further  pollute  the 
Illinois  Biver  had  not  been  for  a  few  years  deferred.  To  those  of  us 
who  live  on  this  river,  or  below  its  mouth,  this  work  which  Chicago  is 
now  doing  causes  much  solicitude.  The  pollution  of  this  river,  which 
is  due  in  part  to  the  towns  along  its  banks,  but  primarily  to  the  sew- 
age already  poured  into  it  by  Chicago,  is  yearly  becoming  greater, 
and,  in  low  water,  is  distinctly  traceable  in  the  Mississippi  below  the 
mouth  of  the  Illinois.  In  fact,  we  begin  to  suspect  that  St.  Louis  is 
indebted  to  this  cause  for  a  large  part  of  its  typhoid  fever.  But  be 
this  as  it  may,  to  break  through  a  natural  divide  in  order  to  pollute 
the  water  of  a  foreign  stream,  as  Chicago  is  now  doing,  and  preparing 
to  do  in  much  greater  degree,  is  a  step  which  can  be  justified  only  by 
overwhelming  and  absolute  necessity.  The  facts  set  forth  by  Mr. 
Mills,  however,  afford  a  complete  demonstration  that,  by  filtering  its 
sewage  or  its  drinking  supply,  or  both,  Chicago  could  have  protected 
itself  without  resorting  to  the  unusual,  not  to  say  unnatural,  means  to 
which  it  has  in  fact  resorted.  I  repeat,  therefore,  my  regret  that  this 
demonstration  had  not  come  a  little  earlier,  or  the  action  of  Chicago 
been  a  little  longer  delayed. 
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Mr.  Hekikg. — I  might  answer  this  remark  by  stating  that  even  if 
the  results  had  been  known  it  would  not  have  made  any  difference  in 
the  plan  for  disposing  of  the  Chicago  sewage;  enough  was  known  to 
reach  a  safe  conclusion  in  that  case.  England  has  purified  sewage  for 
30  or  40  years  by  filtration,  and  has  given  us  a  great  deal  of  practical 
experience  as  to  what  could  be  done  by  it.  Mr.  Bailey  Denton  has  advo- 
cated intermittent  filtration  since  the  year  1875,  or  perhaps  earlier,  and 
based  the  same  on  results  obtained  by  Dr.  Frankland.  I  think  it  is  due 
to  Mr.  Denton  to  state  that  the  practical  success  of  intermittent  filtration 
was  first  accomplished  by  him.  "We  knew  all  this  at  the  time  the  investi- 
gation was  made  here  in  Chicago,  and  I  might  add  that  the  estimated 
cost  of  purifying  the  sewage  by  this  means  was  found  to  require  the 
expenditure  of  something  like  ^60  000  000.  There  is  no  sand  in  the 
immediate  neighborhood  of  Chicago  that  is  fit  for  the  purpose.  It 
would  have  been  necessary  to  build  large  sewers  to  the  southern  end 
of  Lake  Michigan  and  then  prepare  the  sand  dunes  which  are  found 
there,  and  convert  them  into  filter  beds.  The  estimated  cost  was  about 
$60  000  000,  and  that  put  the  adoption  entirely  out  of  question. 

Mr.  E.  C.  JoKDAN.  — I  think  we  owe  a  great  debt  to  Massachusetts 
for  lifting  us  out  of  the  condition  that  we  were  put  into  as  to  the  uti- 
lization of 'sand  by  a  former  National  Board  of  Health.  I  recollect  the 
papers  that  were  written  at  that  time,  stating  quite  graphically  the  way 
in  which  the  sand  was  used  or  experimented  with,  that  it  ofiered  no 
resistance  whatever  to  the  passage  of  bad  germs,  and  that  we  were  not 
at  liberty  to  consider  it  a  method  or  means  of  filtration.  "We  have, 
however,  gone  back  to  the  old  rules  of  Nature  that  we  have  seen  going 
on  in  every  little  stream  and  water  supply.  We  have  wondered  if  the 
results  which  were  given  to  the  public  in  that  report  were  true.  Now 
comes  the  Massachusetts  Board  of  Health  and  tells  us  that  we  were 
originally  right  and  they  have  established  a  formula  for  it.  At  the 
most,  it  is  simply  the  formula  of  what  we  have  always  observed.  I 
feel  quite  gratified  at  being  able  to  go  back  to  the  original  ideas  that 
we  have  been  educated  in  by  Nature,  and  we  now  can  reasonably  expect 
good  work  from  the  results  indicated  and  approved  by  the  Massachu- 
setts Board. 
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THE    SEWERAGE    SYSTEM     OF     MILWAUKEE.— 
DISCUSSION  ON  PAPER  No.  651.^ 


By  D.  J.  Whittemoke,  F.  P.  Steabns  and  G.  H.  BENZENBEsa. 


D.  J.  Whittemoke,  Past.  Pres.  Am.  Soc.  C.  E. — I  wish,  as  coming 
from  Milwaukee,  to  make  some  remarks  upon  the  paper  by  Mr. 
Benzenberg.  I  wish  to  call  the  attention  of  this  Congress  to  the  condi- 
tion of  the  Milwaukee  River  before  the  work  of  flushing  commenced,  and 
which  the  writer  of  this  paper,  through  his  natural  modesty,  has  not  ade- 
quately emphasized.'  Along  several  miles  of  the  river  many  of  the  best 
and  most  extensive  mercantile  and  other  establishments  are  located, 
covering  the  ground  between  the  shore  and  adjacent  streets  completely. 
Into  the  river  was  flowing  60%  of  the  sewers  of  a  city  of  200  000  popu- 
lation, and  of  course  the  river  was  f  ou  1.  This  is  a  mild  term.  It  was 
BO  filthy  from  noxious  and  nauseating  ex  halations  that  I  venture  to  say 
Chicago  River  would  be  termed  clean  in  comparison.  A  person  could 
not  pass  over  it  without  having  a  feeling  of  nausea.  Occupants  of  the 
buildings  were  made  ill.  Removals  from  its  banks  were  contemplated 
by  many,  and  real  estate  in  its  proximity  depreciated  in  value. 

*  "The  Sewerage  System  of  Milwaukee,  and  the  Milwaukee  Kiver  Flushing  Works  "  By 
&.  H.  Benzenberg,  M.  Am.  Soc.  0.  E.    Transactions,  Vol.  XXX,  page  367. 
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While  the  people  universally  demanded  a  remedy,  a  majority  had 
little  faith  in  the  plan  proposed  by  the  writer  of  the  paper  under  con- 
sideration. Having  had  some  experience  with  centrifugal  pumps,  and 
knowing  the  general  dimensions  of  the  work  proposed,  I  myself  had 
grave  doubts  of  its  success.  I  knew  the  duty  developed  by  the  Bridge- 
l^ort  pumps  in  this  city,  and  pumps  of  like  nature  used  to  drain 
marshes  in  Italy ;  hence  I  came  to  the  conclusion  that  with  no  greater 
duty  and  efficiency  than  those,  the  project  proposed  by  the  writer  of 
the  paper  under  consideration  would  prove  a  failure.  What  was  the 
result?  Within  one  day  after  starting  the  work  the  nuisance  was  com- 
pletely abated,  through  the  agency  of  pumps  and  machinery  which 
developed  a  duty  of  about  76  000  000  ft. -lbs.  per  100  lbs.  of  coal  used, 
being  quite  double  the  duty  developed  by  any  pumps  of  somewhat  sim- 
ilar nature  of  which  I  then  had  or  now  have  knowledge.  Informing  a 
distinguished  German  engineer  who  had  made  machines  of  this  nature 
a  subject  of  careful  inquiry  (Edward  Hamberle,  of  Carlsruhe)  of  the 
result  of  this  work,  he  replied  that  the  peojjle  of  Milwaukee  had  the 
most  efficient  centrifugal  pumjD  in  the  world.  It  is  not  often  that  the 
engineer's  work  is  so  heartily  appreciated  within  24  hours  after  its 
completion  as  was  that  of  the  writer  of  the  paper  under  consideration, 
by  the  people  of  Milwaukee. 

In  this  connection  it  may  be  proper  to  ask  why  the  city  of  Chicago, 
whose  authorities  naturally  must  have  known  of  the  existence  of  this 
pump  and  of  its  remarkable  efficiency,  has  recently  attempted  to 
employ  an  untried  device  for  a  similar  puri^ose,  which  attempt,  as  I  am 
reliably  informed,  has  resulted  in  lamentable  failure. 

F.  P.  Steaens,  M.  Am.  Soc.  C.  E. — I  wish  to  express  my  apprecia- 
tion of  the  value  of  Mr.  Benzenberg's  paper.  It  is  a  very  complete  and 
concise  description  of  a  very  interesting  system  of  works.  I  have  been 
particularly  interested  in  the  centrifugal  and  screw  pumping  machinery 
at  Milwaukee,  both  on  account  of  the  large  capacity  of  the  pumps  and 
the  high  duty  obtained  with  them.  The  duty  obtained  with  the  cen- 
trifugal pump  is,  so  far  as  I  know,  much  higher  than  was  ever  before 
obtained  with  a  pump  of  this  character,  and  the  results  have  raised 
this  class  of  machinery  very  much  in  my  estimation,  for  sewerage 
works,  where  as  a  rule  only  a  low  lift  is  required.  In  large  works 
there  is  a  very  great  saving  in  the  first  cost  of  foundations  and  pump 
wells  as  well  as  machinery  by  using  centrifugal  instead  of  reciprocating 
pumps. 
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In  making  preliminary  estimates  of  the  cost  of  the  new  metropoli- 
tan system  of  sewerage  for  the  cities  and  towns  in  the  vi-cinity  of 
Boston,  it  was  found  that  it  would  be  very  much  cheaj)er  to  j)ut  in  two 
pumping  stations  on  the  line  of  the  main  sewer,  lifting  the  sewage  one- 
lialf  of  the  total  height  at  each,  with  centrifugal  machinery,  rather 
than  to  pump  to  the  full  height  with  reciprocating  engines  at  a  single 
pumping  station.  The  use  of  two  pumjjing  stations  in  this  case  was 
particularly  advantageous,  because  it  permitted  the  sewer  (about  five 
miles  long)  between  them,  to  be  laid  at  a  moderate  depth  below  the  sur- 
face of  the  ground  instead  of  at  a  very  great  dejjth.  It  is  worthy  of 
note,  however,  tha.t  the  estimated  cost  of  the  two  jjumping  stations 
with  centrifugal  machinery  was  much  less  than  the  cost  of  a  single 
station  with  twice  the  lift,  j^rovided  with  reciprocating  pumps. 

G.  H.  Benzenbebg,  M.  Am.  Soc.C.  E. — In  connection  with  the  expense 
of  forcing  the  water  through  the  flushing  tunnel,  that  question  having 
been  asked,  I  found  it  was  not  very  much  more  than  that  of  a  high  duty 
water-works  jjumj^ing  engine,  that  is,  about  3 J  cents  or  3. 78  cents  per 
1 000  000  galls,  i^er  foot.  That  is,  upon  a  basis  of  using  the  best  quality 
of  hard  coal,  which  cost,  say,  $5  15  to  $5  25  per  ton,  delivered  at  the 
station.  That  quality  of  coal  is  used  because  the  pumping  station  is 
situated  in  one  of  the  finest  residence  sections  of  the  city;  where,  if  soft 
coal  were  used,  the  people  would  object.  It  makes  the  cost  of  pump- 
ing of  course  much  higher  than  if  a  cheaper  grade  of  coal  were  used. 
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THE    NORTH     SEA    CANAL    OF    HOLLAND.— DIS- 
CUSSION ON  PAPER  No.  652.* 


By  J.  FuiiSCHEK,  R.  W.  Lesley,  Theodor  Rehbock  and  W.  R.  Hutton. 


Mr.  Gleim  (translating  remarks  by  Mr.  J.  Fiilscher). — Mr.  Fiilscher 
would  like  to  ask  a  few  questions.  On  page  399  (Vol.  XXX),  the  author 
says  that  on  comjjleting  the  foundations  of  the  locks  the  layer  of  con- 
crete, which  was  2.5  m.  high,  had  been  covered  with  2  m.  of  sand. 
Mr.  Fiilscher  would  like  to  ask  why  this  was  thought  necessary  or  advis- 
able, and  whether  it  would  not  have  been  as  well  to  allow  the  concrete 
to  harden  under  water,  without  covering  it  with  the  sand. 

In  the  second  j^lace,  Mr.  Fiilscher  refers  to  the  fact  that  for  the  mix- 
ing of  the  concrete  the  author  specified  two-thirds  of  the  broken  brick 
material  to  be  hard-burned,  or  else  rock,  granite  or  other  hard 
natural  stone,  and  says  that  he  does  not  see  the  reason  for  this,  and 
asks  whether  it  might  not  have  been  as  well  to  use  ordinary  brick. 
Considerations  of  sj^ecific  gravity  have  apparently  not  been  the  cause, 
or  else  the  broken  bricks  would  not  have  been  admitted  at  all.  It  must 
therefore  be  inferred  that  the  specifications  were  induced  by  oonsidera- 

*  "The  Enlargement  aad  Improvement  of  the  North  Sea  Canal  of  Holland  (Amsterdam 
Ship  Canal)."  By  A.  E.  Kempees,  C.  E.,  Royal  Engineer  in  Holland.  Transactions,  Vol.  XXX, 
page  386. 
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tions  of  greater  crushing  strength ;  but  it  is  not  apparent  why  this  case 
should  have  required  a  more  than  ordinary  amount  of  crushing  strength. 

R.  W.  liESiiET,  Assoc.  Am.  Soc.  C.  E. — In  reply  to  Mr.  Fiilscher  as 
to  this  point,  I  would  state  that  possibly  the  reason  for  using  hard- 
burned  brick  clinker  rather  than  the  ordinary  light-burned  brick  in 
making  concrete  was  the  fact  that  where  conci'ete  is  made  of  light- 
burned  brick  the  brick  absorb  the  water  very  rapidly  from  the  con- 
crete, ultimately  causing  the  disintegration  of  this  latter. 

In  Philadelphia  there  was  recently  a  case  of  this  kind  where  a  large 
amount  of  concrete  was  made  of  brickbats,  cement  and  sand.  This 
was  done  in  hot  weather,  and  the  bricic  absorbed  the  water  from  the 
cement  mortar  so  rapidly  that  in  a  short  time  after  the  work  was  done 
it  all  began  to  fall  away,  and  the  piers  had  to  be  rebuilt.  For  this 
reason,  no  doubt,  the  specification  was  made  requiring  the  use  of  hard- 
burned  brick  clinkers  rather  than  soft-burned  brick. 

Mr.  Gleim.* — Mr.  Fiilscher  states  that  if  the  hard  material  had 
been  specified  from  a  fear  of  the  brick  absorbing  too  much  water 
from  the  mortar  in  mixing  the  concrete,  he  does  not  agree  with  this 
view,  especially  in  a  case  where  the  concrete  was  deposited  under 
water. 

For  a  third  question,  Mr.  Fiilscher  refers  to  the  fact  mentioned  on 
jDage  400,  that  springs  were  found  in  the  soil  when  the  concrete  was 
being  put  in,  and  that  the  places  of  these  springs  were  just  where  the 
bore  holes  to  test  the  soil  had  been  made.  He  asks  if  that  could  not 
have  been  avoided  by  making  the  bore  holes  around  the  site  of  the  lock 
instead  of  inside.  As  the  author  is  not  here,  that  is  a  question  which 
could  hardly  be  answered  by  an  outsider. 

Theodok  Rehbock  replied  in  German  (translated  by  Mr.  Gleim) 
that  he  happened  to  know  from  one  of  the  engineers  of  the  work  that 
the  bore  holes  were  not  made  for  this  canal,  but  had  been  made  for 
other  work  before  this  line  of  canal  had  been  settled;  it  was  a  mere  ac- 
cident that  this  lock  happened  to  come  in  this  place. 

Mr.  Gleiji.* — Mr.  Fiilscher  says  he  has  had  a  similar  experience  in 
his  work,  which  is  the  great  North  and  East  Sea  Ship  Canal  in  Germany, 
at  places  where  the  bore  holes  had  been  made  at  a  time  when  the  situa- 
tion of  the  lock  was  not  finally  fixed.  The  speaker  quotes  the  means 
they  took  in  treating  these  springs.     The  paper  says  they  had  allowed 

*  Translating  Mr.  Fiilscher's  remarts. 
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tlie  water  to  rise  to  a  moderate  amount  only  before  putting  in  the  con- 
crete. He  asks  whether  they  could  not  have  allowed  it  to  rise  to  a 
greater  height,  so  as  to  balance  the  pressure  of  the  springs  and  have 
no  movement  of  the  water  at  all.  By  this  means  they  might  possibly 
have  avoided  the  troubles  which  they  afterwards  had  on  this  account, 
because  the  concrete  was  washed  out  by  the  springs. 

Then,  after  those  springs  had  given  trouble,  the  damaged  concrete 
was  taken  out  at  those  places,  and  large  standpipes  put  in,  with 
flanges  underneath,  which  were  embedded  from  the  outside  in  concrete. 
Mr.  Fulscher  thinks  it  would  have  been  better  to  have  taken  this 
measure  from  the  beginning  and  inserted  those  pipes  before  putting  in 
the  concrete  as  they  have  always  done  in  similar  cases  on  his  work. 

He  further  discusses  the  plan  of  closing  up  those  pipes  with  con- 
crete as  the  work  proceeded,  and  asks  why  this  was  thought  necessary, 
and  whether  it  would  not  have  been  better  to  have  left  them  open,  be- 
cause in  case  the  lock  is  ever  pumped  out  for  the  sake  of  repairs,  he 
thinks  those  closed-up  pipes  may  be  dangerous,  unless  the  floor  of  the 
lock  be  considered  strong  enough  to  withstand  the  pressure  of  those 
sealed-up  springs  against  the  concrete  bottom. 

W.  R.  HuTTON,  M.  Am.  Soc.  C.  E. — There  are  numerous  points  of 
interest  connected  with  the  North  Sea  Canal  and  its  harbor  works. 

First  may  be  noted  the  great  efficiency  of  a  wide,  thin  platform  of 
rip-rap  under  the  pier  walls.  The  work  has  commenced,  as  stated  by 
Mr.  Kempees,  by  laying  the  concrete  blocks  directly  upon  the  sand, 
where  they  were  promptly  undermined,  and  the  entire  work  accomp- 
lished was  threatened  with  destruction. 

After  this  a  platform  of  small  rubble  (rip-rap)  was  established 
about  100  ft.  in  width  and  3i  ft.  thick.  The  pier  walls  built  upon  it 
with  a  width  at  base  of  20  to  27  ft.  have  never  been  disturbed,  and  Mr. 
Darnton  Hutton  (engineer  of  the  contractors  who  constructed  the 
works)  informs  me  that  no  displacement  of  the  rip-rap  has  ever  been 
observed.  It  is  true  that  the  outer  half  of  the  length  of  the  piers 
which  is  exposed  to  the  heavier  seas  is  protected  on  the  seaside  by 
"  wave  breakers,"  concrete  blocks  weighing  20  tons,  disposed  as  a  rip- 
rap. 

This  foundation  has  since  been  applied  in  other  harbor  works; 
rarely,  however,  it  is  believed,  on  our  own  coasts.  The  late  Mr.  Henry 
Bacon,  civil  engineer  for  many  years  in  local  charge  of  the  Cape  Fear 


DISCUSSION  ON  THE  NORTH  SEA  CANAL  OF  HOLLAND.         715 

River  improvement,  has  expressed  the  opinion  that  it  is  the  best  bottom 
protection,  even  on  those  shifting  sands. 

Manora  and  Columbo  breakwaters  have  been  erroneously  cited  as 
instances  of  the  above  construction.  Those  were  mounds  of  rubble, 
built  up  to  within  a  few  feet  of  the  water-surface  and  surmounted  by 
a  masonry  wall.  The  basalt  bed  at  Ymuiden  is  purely  a  foundation 
work;  its  purpose  is  to  protect  the  base  of  the  wall  and  prevent  under- 
mining by  scour.  In  1878  it  was  observed  that  the  earlier  concrete 
blocks  were  much  worn  by  the  action  of  the  sea.  Those  made  later 
with  a  larger  jjroportion  of  cement,  although  they  had  been  exposed 
for  two  years  to  the  action  of  very  heavy  waves,  still  retained  the 
sharjiness  of  their  angles.  From  Mr.  Kempees'  paper  it  is  inferred 
that  these,  too,  have  suffered  with  lapse  of  time. 

A  second  point  of  interest  is  the  large  quantity  of  sand  brought 
into  the  harbor  by  the  tide.  The  original  plan  of  the  harbor  provided 
an  elliptical  basin  occupying  nearly  all  the  space  inside  the  piers,  in 
which  ships  could  lie  at  anchor.  It  is  probable  that  much  of  the 
dredging  of  the  earlier  years  after  completion  was  done  in  the  effort  to 
make  this  basin.  In  1878  it  was  said  at  the  works  that,  although  the 
flood  current  split  on  the  North  Pier  Head,  but  little  sand  was  brought 
in.  The  late  Mr.  Dirks,  chief  engineer  of  the  works  in  1883,  spoke 
most  discouragingly  of  the  large  deposits  as  a  somewhat  recent  dis- 
covery. 

The  flood  tide  sweeps  along  the  coast  of  Holland,  northeasterly, 
with  a  velocity  of  2 i^  to  2^  miles  an  hour — about  4  ft.  a  second;  the  ebb 
current  is  much  weaker,  and  is  not  jjarallel  with  the  coast  line.  At  the 
Hook  of  Holland  the  bottom  currents  vary  much  in  direction  from 
those  of  the  surface  for  some  time  before  and  after  either  turn  of  the 
tide.     The  heaviest  storms  are  from  the  northwest. 

The  deposit  is  apparently  not  caused  by  the  movement  of  the  sands 
along  the  beach  as  was  predicted  by  Croizette  de  Noyers  in  1873,  for 
the  angle  of  the  pier  with  the  beach  is  not  filled  up,  the  depth  curves 
are  not  pushed  farther  out,  and  there  is  a  scour  along  both  the  canted 
or  obUque  portions  of  the  harbor  walls.  The  large  deposits  inside  the 
harbor  would  seem  to  come  from  sand  carried  in  suspension  by  the 
strong  flood  current  and  dropped  in  the  quiet  water  inside  the  pier.  * 
Their  principal  location  along  the  inside  of  the  north  pier  is  further 


*  See,  also,  Mr.  Harrison  Hayter  in  Proceediugs,  Inst  C.  E.,  Vol.  LXII. 
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evidence  that  the  flood  current  splits  on  the  north  pier  and  enters  with 
considerable  velocity. 

Sir  John  Hawkshaw  who  designed  the  harbor,  at  a  later  period 
maintained  that  an  artificial  harbor  in  the  sea  in  strong  littoral  cur- 
rents, as  in  the  English  Channel  and  at  this  place,  should  have  a  long 
front  parallel  with  the  shore  line,  with  the  entrance  in  the  middle  of 
its  length,  as  then  proposed  for  the  harbor  of  Dover  and  since  applied 
in  the  new  harbor  of  Boulogne.  He  is  quoted  as  having  said  that  the 
Ymuiden  harbor  was  not  designed  on  this  plan  because  there  were  not 
sufficient  funds  at  his  disposition. 

No  experiments  are  known  to  have  been  made  to  ascertain  the 
amount  of  sand  carried  by  these  currents,  or  others  in  similar  condi- 
tions. Roughly  computed  from  the  dredgings  it  would  appear  to  be 
here  about  y^)'o  of  their  volume.  The  Mississippi  River  in  flood  carries 
silt  to  about  Tainr  of  its  volume.  In  the  estuary  of  the  Seine,  currents 
of  10  ft.  per  second,  rushing  over  shallow  banks  of  silt,  take  up  at 
times  i^-^  of  their  volume  of  light  material,  although  the  average  for 
a  flood  tide  is  something  less  than  t-^u  by  volume. 

The  following  suggestion  is  made  with  diffidence,  for  want  of  local 
knowledge,  observation  and  experience  : 

The  general  maximum  velocity  of  the  tidal  water  in  the  entrance, 
due  only  to  the  rising  of  the  tide,  would  be  0.3  ft.  per  second.  If  a 
portion  of  the  flood  tide  current  enters  with  a  velocity  of  3  or  4  ft.  per 
second,  some  of  it  must  flow  out  again  through  the  entrance,  either  at 
the  bottom  or  aroimd  the  south  pier  head,  for  the  water  in  the  harbor 
cannot  be  sensibly  higher  than  that  outside.  If  this  be  so,  the  deposits 
come  from  the  material  carried  in  suspension  by  a  much  larger  quan- 
tity of  water  than  would  fill  the  harbor  to  high-water  line.  If  the 
flood  current  can  be  prevented  from  entering  with  velocity  beyond  that 
actually  necessary  to  fill  the  basin,  the  quantity  of  deposit  will  be 
largely  reduced. 

The  scour  along  the  canted  arms  of  the  harbor  walls  seems  to  indi- 
cate that  the  mass  of  water  nearer  the  shore,  obstructed  by  the  piers, 
flows  with  greater  velocity  along  the  south  cant,  crosses  the  entrance, 
a  ijortion  being  deflected  into  the  harbor,  and  follows  along  the  north 
cant  into  the  otherwise  quiet  water  north  of  the  harbor.  This  would 
probably  have  been  difierent  if  the  wall  north  of  the  entrance  had 
been    continued    parallel   with   the  sea    current,    even    for    a  short 
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distance.  If  all  tliis  be  true,  it  does  not  necessarily  follow  that  it 
should  be  corrected  now.  The  cure  may  be  more  expensive  than  the 
disease. 

The  project  of  Mr.  Huet  for  an  open  canal  from  the  North  Sea  to 
the  Zuider  Zee  is  not  sufficiently  described  in  his  paper. 

It  has  elicited  much  discussion  in  the  Netherlands  Society  of  Engi- 
neers, and  a  project  has  been  prepared  which  it  would  be  of  great 
interest  to  discuss.  Some  lively  currents  would  probably  be  inaugu- 
rated, owing  to  differences  of  tidal  levels  in  the  two  seas,  and  it 
would  be  of  interest  to  consider  their  effect  upon  the  silting  of  the 
harbor. 

The  bar,  off  the  entrance,  mentioned  by  M.  Quinette  de  Kochemont, 
may  be  composed  of  the  material  scoured  from  the  base  of  the  south 
cant,  or  it  may  be  formed  by  wave  action  normal  to  the  shore  line. 
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